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ABSTRACT
The purpose o f t h i s  study was to  determ ine th e  e f f e c t s  o f  s t a t i c  
and dynamic s tre n g th  t r a in in g  and p o s i t io n  o f  e x e rc is e  on th e  a c q u is i­
t io n  o f  s tr e n g th , speed o f  movement, r e a c t io n  tim e , and endurance.
The supine p re s s  was employed in  th e  t r a in in g  and t e s t in g  fo r  s tre n g th  
and endurance developm ent. S im ila r ly , on ly  one movement invo lv ing  
b a s ic a l ly  th e  same m uscles was used fo r  th e  measure o f  speed o f  move­
ment and re a c tio n  tim e .
The su b je c ts  were 108 male c o lle g e  s tu d e n ts  randomly d iv id ed  
in to  s ix  groups: Group I t r a in e d  is o m e tr ic a lly  a t  th e  beg inn ing  o f
th e  movement in  th e  supine p re s s ;  Group 11 t r a in e d  is o m e tr ic a lly  a t  th e  
m id -p o s itio n ; Group I I I  t r a in e d  is o m e tr ic a lly  n e a r f u l l  e x te n s io n ;
Group IV t r a in e d  is o to n ic a l ly  th rough  th e  lower t h i r d  o f  th e  range o f 
n o tio n  f o r  th e  supine p re s s ;  Group V t r a in e d  is o to n ic a l ly  th rough  
th e  m iddle t h i r d ;  and Group VI perform ed th e  t r a in in g  e x e rc is e  
i s o to n ic a l ly  through th e  to p  t h i r d .
At th e  beginning  and end o f th e  five-w eek t r a in in g  program, 
a l l  s u b je c ts  were t e s te d  fo r  s t a t i c  s tre n g th  in  th e  supine p re s s ,  
speed o f movement, r e a c t io n  tim e as measured a t  th re e  p o s i t io n s ,  and 
endu rance .
The t - t e s t  u t i l i z i n g  th e  d if fe re n c e  method was used to  determ ine 
th e  s ig n if ic a n c e  o f  th e  mean g a in s in  s t a t i c  s tr e n g th , speed o f 
movement, re a c tio n  tim e a t  th re e  p o s i t io n s ,  and endurance. A nalysis 
o f  v a rian ce  u t i l i z i n g  a two by th re e  f a c t o r i a l  design  was computed to
xiv
determ ine th e  e f f e c t s  o f  th e  type  o f  e x e rc is e ,  s t a t i c  o r  dynamic 
s tre n g th  t r a in in g ,  th e  e f f e c t s  o f th e  p o s i t io n  a t  which each group 
e x e rc is e d , and any in te r a c t io n  between th e  type  o f  e x e rc is e  program 
and p o s i t io n  o f e x e rc is e  fo r  s t r e n g th ,  speed o f movement and endurance. 
A two by th re e  f a c t o r i a l  design  f o r  covariance  was employed in  th e  
a n a ly s is  o f  re a c t io n  tim e perform ance.
The main f in d in g s  in  t h i s  study were:
1 . A ll s ix  groups showed s ig n i f ic a n t  g a in s  in  s t a t i c  s t r e n g th ,
speed o f mov&ment, re a c t io n  tim e as measured a t  th re e  
p o s i t io n s ,  and endurance.
2 . When th e  groups were compared, no s ig n i f ic a n t  d if fe re n c e s
were found among groups due to  th e  is o to n ic  and iso m e tric  
t r a in in g  programs o r th e  th re e  t r a in in g  p o s i t io n s  in  
s t a t i c  s tre n g th  perfo rm ance.
3 * In comparing th e  g roups, no s ig n i f ic a n t  d if fe re n c e s  occu rred  
in  speed o f movement t e s t  sco res  due to  th e  is o to n ic  and 
iso m etric  programs o r  th e  th re e  t r a in in g  p o s i t io n s .
4 . i t  was rev ea led  th a t  no s ig n i f ic a n t  d if fe re n c e s  e x is te d
among groups a s  a r e s u l t  o f  th e  is o to n ic  and iso m e tr ic  
t r a in in g  programs o r  th e  th re e  e x e rc is e  p o s i t io n s  in  
r e a c t io n  tim e a s  measured a t  th e  bottom , th e  low er l im i t  
o f th e  m iddle t h i r d ,  and th e  low er l im i t  o f th e  to p  th i r d  
o f  th e  range o f  m otion in  th e  supine p re s s .
5 . When th e  groups were compared, no s ig n i f ic a n t  d if fe re n c e s
e x is te d  in  endurance t e s t  sc o re s  due to  th e  is o to n ic  and 
iso m e tr ic  t r a in in g  programs o r  th e  th re e  t r a in in g  p o s i t io n s .
6 . There was no in te r a c t io n  p re s e n t  between th e  ty p es  o f
t r a in in g  and th e  p o s i t io n s  o f  e x e rc is e  in  any o f  th e
q u a l i t i e s  t e s te d .
W ithin th e  l im i ta t io n s  o f  t h i s  s tu d y , th e  fo llo w in g  conclu sions 
were reached :
1 . Isom etric  and iso to n ic  s tre n g th  t r a in in g  a re  e q u a lly  e f f e c t iv e
in  b r in g in g  about s ig n i f ic a n t  ga ins in  s t r e n g th ,  speed o f
movement, re a c tio n  tim e and m uscular endurance.
2 . A pparen tly , no advantage I s  ga ined  by t r a in in g  w ith in  a
c e r ta in  segment o f th e  range o f motion o f  th e  d e s ire d  
movement. S ig n if ic a n t  g a in s  in  s tr e n g th , speed o f movement, 
r e a c t io n  tim e , and m uscular endurance a re  r e a l iz e d  by 
e x e rc is in g  a t  any p o s i t io n  w ith in  th e  range o f movement.
3 . The r e l a t i v e  e f f e c t s  o f  iso m e tr ic  and is o to n ic  e x e rc ise
rem ain c o n s ta n t r e g a rd le s s  o f  th e  p o r tio n  o f th e  range o f 




There has been g e n e ra l agreement among p h y s ic a l e d u ca to rs  and 
coaches th a t  numerous f a c to r s  a re  involved  in  a t h l e t i c s  and p h y s ic a l 
ed u ca tio n  a c t i v i t i e s .  R esearchers h e re to fo re  have considered  s t r e n g th ,  
speed o f  movement, re a c t io n  tim e , and endurance to  be o f  fo rem ost 
im portance . C onsiderab le  em phasis, th e r e f o r e ,  has been p laced  on 
f in d in g  th e  most e f f e c t iv e  method o f develop ing  and im proving th e se  
f a c to r s .
A v a s t amount o f  ex p erim en ta l work has been conducted on th e  
p r in c ip le  o f in c re a s in g  th e  r e s is ta n c e  a g a in s t  which th e  m uscles work 
a s  s tr e n g th  in c re a s e s .  The method o f  t r a in in g  employing t h i s  p r in c ip le  
h as been c a l le d  dynamic s tre n g th  t r a in in g  o r  is o to n ic  e x e rc is e .^  In  
more re c e n t y e a r s ,  a t t e n t io n  has been focused  on a d i f f e r e n t  method o f 
s tre n g th  t r a in in g  which involved  s t a t i c  m uscular c o n tra c t io n . T his 
h as been term ed s t a t i c  s tre n g th  t r a in in g  o r  iso m e tric  e x e rc is e .^
Both dynamic and s t a t i c  s tre n g th  t r a in in g  have had co n tro v e rsy  
in  t h e i r  h i s to r y .  I n i t i a l l y ,  many peop le  th o u g h t w eight t r a in in g  
would produce a m uscle-bound c o n d itio n  r e s u l t in g  in  slow ness o f  body
m arl L. W allis  and Gene A. Logan, F igu re  Improvement and Body 
C o n d ition ing  Through E x erc ise  (Englewood C l i f f s :  P re n t ic e -H a l l ,  I n c . ,  
1964), p . 63.
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movements. Some b e lie v e d  th a t  s t a t i c  s tre n g th  t r a in in g  would have 
d e tr im e n ta l  e f f e c t s  on p a r t i c ip a n ts  in  a c t i v i t i e s  re q u ir in g  high le v e ls  
o f  speed . O thers have rep o rte d  t h a t  a  s ig n i f ic a n t  in c re a se  in  s tre n g th  
does no t produce a  s ig n i f ic a n t  in c re a se  in  speed.^ However, many 
s tu d ie s  designed  p r im a r ily  to  in v e s t ig a te  th e  e f f e c t s  o f  s t a t i c  and 
dynamic e x e rc is e s  upon s tre n g th  and speed o f  movement have c le a r ly  
e s ta b l is h e d  th a t  bo th  t r a in in g  methods produced s ig n i f ic a n t  in c re a se s  
in  th e se  two q u a l i t i e s  w ith  equal e f f e c t iv e n e s s .^  The lack  o f  ag ree­
ment in  t h i s  a re a  in d ic a te s  a need f o r  f u r th e r  re s e a rc h .
Speed o f re a c tio n  a ls o  has been recogn ized  a s  being  e s s e n t ia l  
to  e f f i c i e n t  perform ance in  a t h l e t i c s .  In many a c t i v i t i e s ,  s k i l l f u l  
p a r t i c ip a t io n  has been found to  re q u ire  qu ick  re a c t io n  to  a g iven  
s tim u lu s . This im portance has in s t ig a te d  numerous in v e s t ig a t io n s  in to  
c e r ta in  a sp e c ts  o f  re a c t io n  tim e . There a re  s tu d ie s  th a t  have 
c o n c e n tra te d  p r im a r ily  on de te rm in in g  th e  r e la t io n s h ip  o f  re a c t io n  
tim e to  v a rio u s  o th e r  q u a l i t i e s .^  Recent in v e s t ig a t io n s  have delved  
in to  th e  e f f e c t s  o f  a p a r t i c u l a r  method o f  s tre n g th  t r a in in g  upon 
re a c t io n  tim e .^  Up to  th e  p re s e n t  tim e , however, very  few s tu d ie s  have
3
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4,Edward F . Chui, "E ffe c ts  o f  Iso m e tric  and Dynamic W eight-T rain ing  
E x e rc ise s  Upon S tre n g th  and Speed o f  Movement," The Research Ĉû r t e r i y . 
XXXV (O ctober, 1964) ,  2A6-248.
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W. R. P ie rson  and P. J .  Rasch, "Isom etric  S tre n g th  as a F a c to r  
in  F u n c tio n a l Muscle T e s tin g ,"  The American Jo u rn a l o f  P h y sica l 
M edicine. XLII, 1963, 205-207*
^C harles E. M ichael, "The E ffe c ts  o f  Iso m etric  C o n trac tio n  Exer­
c is e s  on R eaction  and Speed o f  Movement T im es," (unpub lished  D octo ra l 
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compared th e  e f f e c t s  o f  d i f f e r e n t  t r a in in g  programs upon re a c t io n  tim e , 
th u s  making t h i s  an in v i t in g  a re a  f o r  s c i e n t i f i c  in v e s t ig a t io n .
A s im ila r  s i tu a t io n  e x i s t s  w ith  an o th e r im portan t c o n s id e ra tio n  
in  e f f i c i e n t  perform ance, t h a t  o f  endurance. I t  has been found th a t  
a m uscle group working n e a r maximum c a p a c ity  may become c h ro n ic a lly  
fa t ig u e d , th u s  r e s u l t in g  in  d im in ished  o v e ra l l  p ro f ic ie n c y J  T his 
knowledge has s tim u la te d  re se a rc h  th a t  sought to  f in d  th e  b e s t t r a in in g  
method fo r  improving muscle endurance. A few s tu d ie s  have compared 
th e  e f f e c t s  o f  iso m e tric  and iso to n ic  e x e rc is e  programs on muscle 
endurance, and th e se  have produced c o n f l ic t in g  r e s u l t s .  I t  i s  p o s s ib le  
such c o n f l i c t s  have stemmed from confusion  as to  th e  n a tu re  o f muscle 
endurance o r ,  more s p e c i f i c a l ly ,  a s  to  th e  method o f  measurement. In 
many s tu d ie s  muscle endurance has been determ ined by th e  amount o f 
work done using  a co n stan t load  i r r e s p e c t iv e  o f  th e  s tre n g th  o f  th e  
m uscle. Very l i t t l e  re se a rc h  has been conducted th a t  compared 
iso m e tric  s tre n g th  t r a in in g  and is o to n ic  t r a in in g  on m uscle endurance 
in  term s o f  work done in  r e l a t i o n  to  th e  s tre n g th  o f  th e  m uscle, as 
was th e  s i tu a t io n  in  t h i s  in v e s tig a tio n .®
P h y s ica l ed u ca to rs  and coaches, c o n s ta n tly  faced  w ith seem ingly 
in s u f f i c i e n t  tim e , have long  sought a system o f  t r a in in g  which would
7
Donald K. Mathews, Measurement in  P h y s ic a l E ducation (P h ila ­
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Lynn W. McCraw and Stan Burnham, " R e s is tiv e  E x erc ises  in  th e  
Development o f  M uscular S tre n g th  and E ndurance," The Research 
Q u a r te r ly . XXXVII (March, 1966), 80.
produce th e  most ra p id  r e s u l t s  w ith in  th e  tim e a v a i la b le .  Although 
v a lu a b le  in fo rm atio n  has been g leaned from p a s t  re s e a rc h , i t  was 
incom plete and sometimes c o n tro v e r s ia l .  No one b e s t  method has been 
found .^
I t  was f e l t  t h a t  a c o n tr ib u tio n  toward a  c l a r i f i c a t i o n  o f  th e  
problem  would be a com parison o f  th e  e f f e c t s  o f  is o to n ic  e x e rc is e s  
w ith  th o se  o f  iso m e tric  e x e rc is e s  on s t r e n g th , speed o f  movement, 
r e a c t io n  tim e a t  th re e  p o s i t io n s ,  and endurance. T his study was 
concerned w ith  t h i s  in v e s t ig a t io n .
I .  STATEMENT OF THE PROBLEM
In t h i s  in v e s tig a t io n  th e  a u th o r a ttem pted  to  shed l i g h t  on 
th e  fo llow ing  q u e s tio n s : What a re  th e  r e l a t i v e  e f f e c t s  o f  s t a t i c  and 
dynamic s tre n g th  t r a in in g  on th e  a c q u is i t io n  o f  s e le c te d  p h y s ic a l 
f a c to r s  such as s t r e n g th ,  speed o f  movement, r e a c t io n  tim e , and mus­
c u la r  endurance? Are th e re  c e r ta in  p o s i t io n s  o r  segments w ith in  th e  
range o f  m otion th a t  a re  more e f f e c t iv e  in  im proving perform ance in  
th e  v a r ia b le s  s tu d ied ?  Are th e re  any unique d if fe re n c e s  between th e  
e f f e c t s  o f  two s tre n g th  t r a in in g  programs a t  v a rio u s  p o s i t io n s  w ith in  
th e  range o f  m otion?
9
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I I .  PURPOSE OF THE STUDY
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I t  was th e  purpose o f  t h i s  study  to  compare th e  e f f e c t s  o f  
is o to n ic  e x e r c is e s ,  u t i l i z i n g  th e  bottom , m idd le , and to p  th i r d  o f  a 
f u l l  range o f  m otion in  th e  sup ine p re s s ,  w ith  th e  e f f e c t s  o f  iso m e tric  
e x e rc is e s ,  in  th re e  co rrespond ing  p o s i t io n s ,  on th e  development o f 
s t a t i c  s t r e n g th ,  speed o f movement, re a c tio n  tim e a s  measured a t  th re e  
p o s i t io n s ,  and endurance.
I I I .  LIMITATIONS OF THE STUDY
This s tudy  was l im ite d  to  108 male s u b je c ts  e n ro lle d  in  p h y s ic a l 
educa tion  c la s s e s  a t  L ou isiana  S ta te  U n iv e rs ity  in  A lex an d ria , L o u is ian a .
This study  was a ls o  l im ite d  to  th e  use o f one e x e rc is e ,  th e  
sup ine  p re s s ,  in  t r a in in g  and t e s t i n g  f o r  s t a t i c  s tre n g th  and endurance. 
Only one movement invo lv ing  b a s ic a l ly  th e  same m uscles was u t i l i z e d  f o r  
m easuring speed o f  movement and re a c t io n  tim e .
Hie s u b je c ts  were asked n o t to  engage in  any s tre n g th  t r a in in g  
program o u ts id e  o f t h i s  experim ent, however, i t  was im possib le  f o r  th e  
in v e s t ig a to r  to  c o n tro l  t h i s  f a c to r .
IV. DEFINITION OF TERMS
Iso to n ic  c o n tra c tio n  (dynamic) . The m uscle f ib e r s  c o n tra c t  and 
sh o rte n  a s  th e  s u b je c t a c tu a l ly  moves a w eight th rough  space .
Iso m etric  c o n tra c tio n  ( s t a t i c ) . The muscle c o n tra c ts  bu t i t s  
le n g th  does n o t change as th e  s u b je c t e x e r ts  fo rce  a g a in s t  an immovable 
o b je c t .
Supine p r e s s . While ly in g  on h is  back on a bench, th e  su b je c t 
a ttem p ts  to  extend h i s  arms p e rp e n d ic u la r ly  from h is  c h e s t a g a in s t 
e i t h e r  s t a t i c  o r  dynamic r e s i s ta n c e .
Speed o f  movement. The in te r v a l  between th e  v o lu n ta ry  i n i t i a ­
t io n  o f  th e  c o n tra c tio n  and th e  com pletion o f  th e  movement.
R eaction  t im e . The in te r v a l  between th e  p re s e n ta tio n  o f th e  
s tim u lu s  and th e  beg inn ing  o f  th e  o v e rt  m uscular a c t io n .- ^
.Endurance. The a b i l i t y  to  continue muscular exertion s o f  
sub-maximal magnitude."^
^ P e t e r  V. K arpovich, Physio logy o f  M uscular A c tiv ity  
(P h ila d e lp h ia :  W. B. Saunders Company, 1953), p . 35.
^ H .  H arrison  C la rk e , A p p lica tio n  o f  Measurement to  H ealth  and 
P h y s ic a l E ducation  (Englewood C l i f f s :  P re n t ic e -H a l l ,  I n c . ,  1959),
p . 222.
CHAPTER II
REVIEW OF RELATED LITERATURE
The review  o f  r e la te d  l i t e r a t u r e  p re sen te d  in  t h i s  c h a p te r  was 
g iven  under fo u r  main h ead ings: ( l )  S tu d ie s  R ela ted  to  Iso to n ic  and 
Iso m e tric  S tre n g th  Development; (2) S tu d ie s  R e la ted  to  Iso to n ic  and 
Iso m e tric  T ra in in g  and Speed o f Movement; (3) S tu d ie s  R e la ted  to  
I s o to n ic  and Iso m etric  T ra in in g  and R eac tion  Time; and (4) S tu d ie s  
R e la ted  to  Iso to n ic  and Iso m etric  T ra in in g  and th e  Development o f 
E ndurance.
I .  STUDIES RELATED TO ISOTONIC AND ISOMETRIC 
STRENGTH DEVELOPMENT
1
B erger compared one s t a t i c  t r a in in g  program w ith  n ine  dynamic 
t r a in in g  program s. One hundred and seven ty -seven  s tu d e n ts  t r a in e d  
f o r  tw elve weeks on dynamic t r a in in g  program s and f i f ty - s e v e n  s tu d e n ts  
t r a in e d  s t a t i c a l l y  th re e  tim es a week f o r  th e  same d u ra tio n . The 
c r i t e r i o n  used to  measure changes in  s tr e n g th  improvement was a  dynamic 
s tre n g th  t e s t .  The maximum amount o f  w eight a su b je c t cou ld  l i f t  once 
in  th e  bench p re s s  e x e rc is e  was determ ined  a t  th e  beg inn ing  and a t  th e  
com pletion o f  t r a in in g .  I t  was found th a t  th e  s t a t i c a l l y  t r a in e d  group
^"Richard A. B erger, "Comparison Between S ta t i c  T ra in in g  and 




was n o t s ig n i f ic a n t ly  d i f f e r e n t  in  s t r e n g th  improvement from seven 
dynam ically  t r a in e d  groups. The group th a t  t r a in e d  dynam ically  f o r  
th re e  s e ts  and s ix  r e p e t i t io n s  p e r  s e t  exceeded th e  s t a t i c  group in  
improvement and th e  group th a t  t r a in e d  dynam ically  f o r  two s e ts  and two
r e p e t i t io n s  p e r  s e t  was i n f e r io r  to  th e  s t a t i c  group.
2
S te r l in g  conducted a study  to  compare th e  p o s i t io n  s e l e c t i v i ty  
o f  s tre n g th  g a in s  in  th e  elbow f le x o r ,  knee f le x o r  and knee e x te n so r  
muscle groups when th o se  ga in s were produced by iso m etric  c o n tra c tio n  
e x e rc is e . This study was undertaken  w ith th e  d e s ire  th a t  th e  f in d in g s  
would p rov ide a f u r th e r  understand ing  o f  th e  fu n c t io n a l  use o f  iso m e tric  
e x e rc is e  a s  a means o f developing  p h y s ic a l f i tn e s s  when s tre n g th  
th roughou t a range o f  motion i s  one of th e  o b je c tiv e s  o f  th e  f i tn e s s  
program .
I t  was found th a t  th e  p o s i t io n  s e l e c t i v i ty  o f  s tre n g th  g a in s  
v a r ie s  f*’om m uscle group to  m uscle group. The m uscle group causing  
elbow f le x io n  was found to  be h ig h ly  s p e c if ic  in  th e  p o s i t io n  s e l e c t i v i ty  
o f s tre n g th  g a in s  w hile  th e  m uscle group causing  knee ex ten sio n  
in d ic a te d  a low s p e c i f i c i ty  o f p o s i t io n  s e l e c t i v i ty  o f  s tre n g th  g a in s .
Bergeron^ conducted a study  in  which he compared w eight t r a i n ­
ing  to  iso m e tric  e x e rc is e  in  develop ing  s tre n g th  and muscle g i r th .  The
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su b je c ts  were d iv id ed  in to  a  s t a t i c  t r a in in g  group and a dynamic 
t r a in in g  group o f  tw enty  su b je c ts  each . Both groups e x e rc ise d  th re e  
tim es a  week f o r  te n  weeks. The m uscle groups being  e x e rc ised  were 
th o se  ex tend ing  th e  elbow , th o se  f le x in g  th e  le g ,  and th o se  ex tend ing  
th e  le g .  Bergeron concluded:
1 . There was a  s ig n i f ic a n t  g a in  in  s tre n g th  and m uscle g i r th
by both g roups, but a s ig n i f ic a n t  d if fe re n c e  was no t found 
between th e  two g roups.
2 . The iso m e tric  group showed a g r e a te r  mean ga in  in  s tre n g th
developm ent when measured by an iso m e tric  s tre n g th  m easuring 
d e v ic e , bu t th e  d if fe re n c e  between th e s e  g a in s  and th o se  o f  
th e  is o to n ic  group when measured is o m e tr ic a lly  was no t 
s ig n i f i c a n t .
3 . The is o to n ic  group showed a g r e a te r  mean g a in  in  s tre n g th
development as m easured w ith  w eig h ts , b u t th e  d if fe re n c e  
between th e s e  g a in s  and th o se  o f  th e  iso m e tric  group when 
m easured w ith  w eights was s ig n i f ic a n t  in  on ly  th e  supine 
p re s s .
Barham^ used s ix  experim en ta l groups to  compare th e  e f fe c t iv e n e s s  
o f  iso m e tric  and is o to n ic  methods o f  e x e rc is e ,  perform ed a t  d i f f e r e n t  
fre q u e n c ie s  p e r  week, on th e  improvement o f  muscle s tre n g th  perform ance. 
I t  was found t h a t  th e  a d d it io n  o f  is o to n ic  e x e rc is e s  to  a  "one maximum
^ Je rry  N. Barham, "Weight L i f t in g  in  A ddition  to  Isom etric  
C o n trac tio n  E x e rc is e s ,"  (unpub lished  D octoral D is s e r ta t io n ,  L ou isiana  
S ta te  U n iv e rs i ty , i 960) .
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iso m e tr ic  c o n tra c tio n "  e x e rc is e  program does n o t s ig n i f ic a n t ly  a f f e c t  
th e  amount o f  s tre n g th  improvement o b ta in ed  th rough  th e  use o f iso m etric  
e x e rc is e s  a lo n e . He a ls o  found t h a t  th e r e  was no s ig n i f ic a n t  d i f f e r ­
ence in  th e  amount o f  s tre n g th  a cq u ired  th rough  e x e rc is e s  perform ed 
f iv e  days a  week and th re e  days a  week and bo th  a re  s ig n i f ic a n t ly  b e t t e r  
th an  two days a week.
The com parative e f f e c t s  o f  iso m e tr ic  and dynamic w e ig h t- tra in in g  
e x e rc is e s  on s tr e n g th  and on th e  speed o f  ex ecu tio n  o f  s in g le  movements 
were in v e s tig a te d  by C hui.^  Seventy-tw o male s u b je c ts  formed th re e  
ex p erim en ta l groups and perform ed w e ig h t- tra in in g  e x e rc is e s .  Group 1 
engaged in  iso m e tr ic  e x e r c is e ,  Group R employed ra p id  dynamic c o n tra c ­
t i o n ,  and Group S u t i l i z e d  slow dynamic c o n tra c tio n  a s  a means o f 
e x e rc is e .  A cab le  te n s io m e te r  was used to  o b ta in  e ig h t  s t re n g th  sco res  
f o r  each s u b je c t .  Speed o f  movement tim es a g a in s t  no r e s is ta n c e  in  s ix  
movements and a g a in s t  r e s is ta n c e  in  th e  same movements in  s p e c if ie d  
increm ents were ta k e n . I t  was found t h a t  a l l  th r e e  groups gained  in  
s t r e n g th  and a t  th e  same tim e gained  in  speed o f movement m easured 
a g a in s t  no r e s is ta n c e  and a g a in s t  r e s i s ta n c e .  The g a in s  produced by 
one t r a in in g  method were n o t s ig n i f ic a n t ly  g r e a te r  th an  g a in s  brought 
about by a n o th e r  method.
E dw ard  F. Chui, "E ffe c ts  o f  Iso m e tric  and Dynamic W eight- 
T ra in in g  E x e rc ise s  Upon S tre n g th  and Speed o f  Movement," The R esearch 
Q u a r te r ly . XXXV (O ctober, 1964) ,  246-248.
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Bergeron^ u t i l i z e d  fo u r  groups o f tw e n ty -s ix  c o lle g e  m ales in  
each group to  determ ine  th e  e f f e c t s  o f  s t a t i c  s tre n g th  t r a in in g  and 
dynamic s tr e n g th  t r a in in g  on s t r e n g th ,  speed o f  movement, and power.
Group I  served  a s  a c o n tro l  g roup , Group I I  t r a in e d  is o to n ic a l ly  w ith  
th e  sup ine p re s s  e x e rc is e  th rough  a f u l l  range o f  m otion , Group I I I  
t r a in e d  is o m e tr ic a lly  a t  th e  extended p o s i t io n  in  perform ing th e  
supine p r e s s ,  and Group IV perform ed th e  t r a in in g  e x e rc is e  is o m e tr ic a lly  
a t  th e  f le x e d  p o s i t io n .  The c r i t e r i o n  used to  measure changes in  
s tre n g th  improvement was a s t a t i c  s tre n g th  t e s t .  Bergeron foui.d th a t  
th e  ex p erim en ta l groups showed s ig n i f ic a n t  s t a t i c  s tre n g th  g a in s  a t  
bo th  p o s i t io n s  o f  m easurem ent, whereas th e  c o n tro l  group r e a l iz e d  no
s ig n i f ic a n t  change f o r  e i t h e r  s tre n g th  m easure.
7
K ruse ' d iv ided  one hundred and e ig h t  c o lle g e  m ales in to  e ig h t 
g roups, fo u r  doing iso m e tric  t r a in in g  and fo u r  doing is o to n ic  t r a in in g .
One group from each type  o f t r a in in g  e x e rc is e d  e i t h e r  tw o, th r e e ,  
fo u r  o r  f iv e  tim es a week. The iso m e tric  group perform ed th r e e ,  s ix -  
second c o n tra c tio n s  a t  each t r a in in g  s e s s io n . I t  was found th a t  bo th  
th e  iso m e tric  and is o to n ic  s e c t io n s  showed a s ig n i f ic a n t  ga in  in  s tre n g th  
and th a t  th e r e  was no s ig n i f ic a n t  d if f e re n c e  between th e  g a in s  o f  th e  
g ro u p s.
^ P h ilip  B ergeron , ’’The E f fe c ts  o f  S ta t i c  S tre n g th  T ra in in g  a t  
V arious P o s i t io n s  and Dynamic S tre n g th  T ra in in g  Through a F u l l  flange o f  
Motion on S tre n g th , Speed o f  Movement, and Pow er," (unpub lished  D octo ra l 
D is s e r ta t io n ,  L o u is ian a  S ta te  U n iv e rs i ty , 1963).
7
R obert D. K ruse, "The E f fe c ts  o f  Varying F requencies o f  T ra in ing  
S ess io n s Upon th e  S tre n g th  o f  th e  E lbow -Flexor Muscle G roup," (unpub lished  
D octo ra l D is s e r ta t io n ,  S p r in g f ie ld  C o lleg e , S p r in g f ie ld ,  M assachuse tts , 
1956).
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Asa t r a in e d  two groups o f  su b je c ts  to  determ ine th e  e f f e c t s  
o f  iso m e tric  and is o to n ic  e x e rc is e  on th e  s tre n g th  o f s k e le ta l  m uscle.
One group t r a in e d  is o to n ic a l ly  f o r  a p e rio d  o f  tw elve weeks m eeting 
f iv e  days a week. The second group t r a in e d  w ith a d a ily  six -second  
iso m e tric  c o n tra c tio n  fo r  n ine  weeks and t h i s  group was d iv ided  w ith  
one group co n tin u in g  th e  same ro u tin e  fo r  th re e  a d d it io n a l  weeks.
The o th e r  h a l f  o f  th e  iso m etric  group perform ed twenty iso m etric  
c o n tra c tio n s  p e r  day fo r  th e  a d d it io n a l  th re e  weeks. The in v e s t ig a to r  
found th a t  both is o to n ic  and iso m e tric  t r a in in g  groups e x h ib ite d  s ig ­
n i f i c a n t  in c re a s e s  in  s tre n g th . A lso , th e  group e x e rc is in g  iso m e tr ic a lly  
once d a ily  e x h ib ite d  a g re a te r  In c re ase  in  s tre n g th  than  th e  group 
u t i l i z i n g  is o to n ic  e x e rc ise  and th o se  perform ing tw enty iso m etric  
r e p e t i t io n s  p e r  day f o r  th e  l a s t  th re e  weeks showed th e  g re a te s t
g a in s  in  s t r e n g th .
g
B erger7 ass ig n ed  se v en ty -e ig h t su b je c ts  to  one o f  two groups.
One group t r a in e d  is o m e tr ic a lly  and th e  o th e r  group t r a in e d  i s o to n ic a l ly  
th re e  tim es a week f o r  tw elve weeks. A ll su b je c ts  were te s te d  both 
is o m e tr ic a lly  and is o to n ic a l ly  fo r  lower back ex ten so r s tre n g th . Both 
groups improved s ig n i f ic a n t ly  on both t e s t s ,  however, th e  iso m e tric  
group showed g r e a te r  improvement when measured is o m e tr ic a lly  than  when
®Maxim M. Asa, "The S f fe c ts  o f Iso m etric  and Iso to n ic  .dxercise 
on th e  S tren g th  o f  S k e le ta l  M uscle," (unpublished  D octoral D is s e r ta t io n , 
S p r in g f ie ld  C o lleg e , S p r in g f ie ld , M assachuse tts , 1959).
9
R ichard A. B erger, "Comparison o f S ta t i c  and Dynamic S tren g th  
in c re a s e s ,"  The R esearch Q u a r te r ly . XXXIII (O ctober, 1962), 329-333.
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measured i s o to n ic a l ly  and th e  is o to n ic  group e x h ib ite d  g r e a te r  improve­
ment when measured is o to n ic a l ly  th an  when m easured is o m e tr ic a l ly .  He 
concluded th a t  iso m e tric  s tre n g th  was b e s t measured is o m e tr ic a lly  and 
is o to n ic  s tr e n g th  was b e s t  m easured i s o to n ic a l ly .
I I .  STUDIES RELATED TO ISOTONIC AND ISOMETRIC TRAINING
AND SPEED OF MOVEMENT
S c ie n t i f i c  ev idence in d ic a te s  t h a t  many iso m e tric  and is o to n ic  
t r a in in g  program s have produced improved speed o f  movement, whereas 
o th e rs  have n o t .  Zorbas and Karpovich‘S  te s te d  s ix  hundred men to  
de tenn ine  th e  e f f e c t  o f weight l i f t i n g  upon speed o f  movement. They 
found th a t  w eight l i f t i n g  brought about f a s t e r  speed o f  movement in  
ro ta ry  m otion o f  th e  arm.
C larke and H en ry k  measured s ix ty -tw o  c o lle g e  men f o r  arm 
s t r e n g th , e f f e c t iv e  arm m ass, and speed in  a l a t e r a l  adductive  arm 
movement. They concluded th a t  an in c re a se  in  mean arm speed and an 
in c re a se  in  mean arm s tre n g th  could  be brought about by engaging in  
a p ro g re s s iv e  r e s is ta n c e - ty p e  t r a in in g  program.
A study  to  determ ine w hether in c reased  s tre n g th  gained  through  
w eight t r a in in g  was accompanied by an in c re a se  in  speed o f  movement
^ W illia m  S, Zorbas and P e te r  V. K arpovich, "The E f fe c t  o f 
Weight L if t in g  Upon th e  Speed o f  M uscular C o n tra c tio n ,"  The Research 
Q u a r te r ly . XXII (May, 1951), 145-148.
■^David H. C larke and F ra n k lin  M. Henry, "Neuro-Motor S p e c if ic i ty  
and Increased  Speed from S tre n g th  Development," The R esearch Q u a rte rly . 
XXXII (O ctober, 1961) ,  315-325.
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12was conducted by Mosley, H a irab ed ian , and Donaldson. They concluded 
th a t  a la r g e r  in c re a se  in  speed r e s u l te d  from s ix  weeks o f  w eight 
t r a in in g  th an  from v o l le y b a l l  o r  i n a c t iv i ty  fo r  a l ik e  p e r io d . They 
a ls o  concluded th a t  in c re a se d  s tre n g th  gained  through  t r a in in g  w ith 
w eigh ts was a p p a re n tly  a s s o c ia te d  w ith  in c re ased  speed o f movement.
E n d re s^  in v e s tig a te d  th e  e f f e c t  o f w eight t r a in in g  fo r  speed 
o f  movement and found th a t  a four-w eek program in c re a sed  th e  speed o f 
elbow f le x io n  and e x te n s io n  and a ls o  produced an in c re a se  in  s tre n g th  
in  e a r ly  ad o le sc en t boys. I t  was concluded in  t h i s  study  th a t  th e  s iz e  
o f  th e  load  d id  n o t m a te r ia l ly  a f f e c t  th e  amount o f  in c re a se  in  speed 
o r  s tre n g th  as lo n g  a s  th e  e x e rc is e s  were conducted a t  maximum speed.
P ie rso n  and R a sc h ^  m easured tw e n ty -s ix  s u b je c ts  f o r  speed o f  
r e a c t io n  and speed o f movement. A fte r  a  four-w eek w eight t r a in in g  
program , th e  s u b je c ts  were r e t e s t e d .  During th e  t r a in in g  program 
each workout c o n s is te d  o f  th re e  s e t s  o f  f iv e  r e p e t i t io n s  in  th e  fo llo w ­
ing e x e rc is e s :  m i l i ta r y  p re s s ,  c u r l s ,  supine p r e s s ,  and re v e rse  c u r l s .  
I t  was found th a t  speed o f movement and re a c tio n  were n o t r e la te d  to  
t o t a l  s tre n g th  in c re a s e s .  In c re a se s  in  s tre n g th  were s ig n i f ic a n t  fo r
John W. M osley, Ara H a irab ed ian , and Donald N. Donaldson, 
"Weight T ra in in g  in  R e la tio n  to  S tre n g th , Speed, and C o o rd in a tio n ,"
The R esearch Q u a r te r ly . XXIV (O ctober, 1953), 308-315.
13John P. findres, "The E f fe c t  o f Weight T ra in in g  E x e rc ise s  Upon 
th e  Speed o f  M uscular Movement," (unpub lished  M a s te r 's  T h es is , 
U n iv e rs ity  o f  W isconsin, M adison, 1953).
^ W illia m  R. P ie rson  and P h i l ip  J .  Rasch, "S tre n g th  and Speed," 
P e rc e p tu a l and Motor S k i l l s . XIV (F eb ruary , 1962) ,  144*
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a l l  fo u r  e v e n ts , bu t th e r e  was no change in  e i th e r  re a c t io n  tim e o r  
movement t im e . I t  was concluded th a t  in c re a se s  in  g e n e ra l arm s tre n g th  
do n o t a f f e c t  th e  speed o f r e a c t io n  o r  arm e x te n s io n .
S m ith ^  recorded  p r e - t r a in in g  s t a t i c  s t r e n g th ,  p re - te n se d  s t a t i c  
s tre n g th  and speed, and f re e  a m  speed o f  tw e n ty -s ix  c o lle g e  men in  an 
is o to n ic - is o m e tr ic  t r a in in g  program . S ig n if ic a n t  in c re a se s  were found 
in  s t a t i c  a m  s tre n g th  and in  f r e e  and p re - te n se d  speeds o f  movement.
He concluded th a t  an in c re a se  in  s tre n g th  was a s so c ia te d  w ith  an 
in c re a se  in  th e  speed o f  lim b movement.
M eisel"^  found th a t  a  w eight t r a in in g  program designed  to  in c re a se  
le g  s tre n g th  caused a s ig n i f ic a n t  lo s s  in  runn ing  speed.
Freshmen and v a r s i ty  f o o tb a l l  p la y e rs  were used  by Meadows^ to  
in v e s t ig a te  th e  e f f e c t s  o f  is o to n ic  and iso m etric  m uscle c o n tra c tio n  
on speed o f  th e  o f fe n s iv e  f o o tb a l l  c h a rg e . Three groups were employed:
( l )  an is o to n ic  group which engaged in  a  w eight t r a in in g  program; (2) 
an iso m e tric  group which p a r t ic ip a te d  in  a s t a t i c  p u l l  t r a in in g  
program ; and (3) a c o n tro l  group which engaged in  th e  r e g u la r  p h y s ic a l 
educa tion  program . Both is o to n ic  and iso m e tric  programs improved 
s ig n i f ic a n t ly  th e  speed o f th e  o f fe n s iv e  f o o tb a l l  charge .
15Leon E. Sm ith , " In flu en ce  o f  S tre n g th  T ra in in g  on Pre-Tensed 
and F ree Arm Speed ," The R esearch Q u a r te r ly . XXXV (December, 1964) 554-561.
16
Stephen G. M eise l, "The E f fe c t  o f  a Weight T ra in in g  Program on 
th e  Speed o f  R unning," (unpub lished  M a s te r 's  T h e s is , U n iv e rs ity  o f 
I l l i n o i s ,  1957).
17P au l E. Meadows, "The E ffe c t  o f  Iso to n ic  and Iso m e tric  Muscle 
C o n trac tio n  T ra in in g  on Speed, F o rce , and S tre n g th ,"  (unpub lished  
D octo ra l D is s e r ta t io n ,  U n iv e rs ity  o f  I l l i n o i s ,  1959).
1 6
1 a
W ilkin , in  a study o f  th e  e f f e c t  o f  weight t r a in in g  on speed 
o f  movement, concluded th a t  weight t r a in in g  over a p e riod  o f  one 
sem ester had no slowing in flu en ce  on speed o f arm movement. He con­
cluded th a t  th e  weight l i f t e r ' s  speed was as g re a t as th a t  o f  o th e r  
s tu d e n ts  s tu d ied  and improved as much o r  more du ring  a sem ester o f  
t r a in in g .
W hitley and Smith‘d  in v e s tig a te d  th e  e f f e c ts  o f iso m e tric -  
i s o to n ic ,  dynamic o v erload , and f re e  swing e x e rc ise  programs on th e  
speed and s tre n g th  o f a l a t e r a l  arm movement. Three experim ental 
groups and one c o n tro l group were given p r e - t r a in in g  and p o s t - t r a in in g  
speed and s tre n g th  t r i a l s .  Each experim ental group perform ed i t s  
assigned  e x e rc is e  tw ice a week du ring  a ten-week t r a in in g  p e rio d . I t  
was found th a t  th e  iso m e tr ic - iso to n ic  and dynam ic-overload t r a in in g  
programs brought about s ig n i f ic a n t  in c re a se s  in  speed o f arm movement. 
They concluded t h a t ,  re g a rd le s s  o f  th e  type  o f  s tren g th en in g  e x e rc is e s  
u sed , in c re a s in g  th e  s tre n g th  o f th e  m uscles involved  in  a s p e c if ic  
movement makes i t  p o ss ib le  fo r  an in d iv id u a l to  execute a f a s t e r  limb 
movement.
The e f f e c t s  o f s t a t i c  c o n tra c tio n  and standard  weight t r a in in g  
programs on c e r ta in  movement speeds and endurance were in v e s tig a te d
18Bruce M. W ilkin, "The E ffe c t o f Weight T rain ing  on Speed o f 
Movement," The Research Q u a rte r ly . XXIli (O ctober, 1952), 361-369.
19Jim D. W hitley and Leon Sm ith, "In fluence  o f Three D iffe re n t 
T ra in ing  Programs on S tren g th  and Speed o f a Limb Movement," The 
Research Q u a rte r ly . XXXVII (March, 1966), 132-142.
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20by Swegan. One group t r a in e d  w ith  s tan d ard  w eight m ethods, w hile  
th e  o th e r  used s t a t i c  c o n tra c t io n  methods c o n s is t in g  o f  c o n tr a c t ib le  
p u l ls  f o r  s ix  seconds a t  tw o - th ird s  maximum p u l l .  I t  was found th a t  
th e  s t a t i c  c o n tra c tio n  group showed s ig n i f ic a n t ly  slow er speed o f  
movement tim es in  each o f  th e  e ig h t  speed t e s t s .  The w eight group was 
slowed down s ig n i f i c a n t ly  in  s ix  o f  th e  e ig h t movements.
11.. . STUD IBS RELATED TO ISOTONIC AND ISOMETRIC TRAINING
AND REACTION TIME
21C larke and G lines found th a t  r e a c t io n  tim e was n o t s ig n i f ic a n t ly  
r e la te d  to  s tre n g th  and , th e r e f o r e ,  should be co n sid ered  a s p e c if ic
r a th e r  th a n  a g e n e ra l t r a i t .
22Anderson in v e s tig a te d  th e  e f f e c t  o f  w eight t r a in in g  on t o t a l  
body re a c t io n  tim e and found th a t  w eight t r a in in g  groups improved in  
a l l  r e a c t io n  tim e t e s t s  s tu d ie d , a lthough  th e se  improvements were no t 
s t a t i s t i c a l l y  s ig n i f i c a n t .
2q
Donald B. Swegan, "The Comparison o f  S ta t i c  C o n trac tio n  With 
S tandard  Weight T ra in in g  in  E f fe c t  on C e rta in  Movement Speeds and 
E ndurance," (unpub lished  D o c to ra l D is s e r ta t io n ,  P ennsy lvan ia  S ta te  
U n iv e rs i ty , C ollege P a rk , P ennsy lvan ia , 1957).
21n .  H arrison  C larke and Don G lin e s , "R e la tio n sh ip  o f  R eac tio n , 
Movement, and Completion Times to  K otor, S tre n g th , A nthropom etric , and 
M a tu rity  M easures o f  13-Y ear-O ld Boys," The R esearch Q u a r te r ly . XXXIII 
(May, 1962), 194-201.
'‘̂ R o b ert W. Anderson, "The E f fe c t  o f  W eight T ra in in g  on T o ta l 
Body R eac tion  Tim e," (unpub lished  M a s te r 's  T h e s is , U n iv e rs ity  o f  
I l l i n o i s ,  1957).
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In a study  by M ic h a e l^  th e  e f f e c t s  o f  iso m etric  c o n tra c tio n  
e x e rc is e  on re a c t io n  and speed o f  movement tim es were t e s te d .  Movements 
t e s te d  were a  l a t e r a l  adductive  movement o f  th e  arm and a forw ard 
ex ten sio n  o f th e  le g  perform ed from a s i t t i n g  p o s i t io n .  R e su lts  o f  
t h i s  study le d  to  th e  conclusion  th a t  iso m etric  e x e rc is e  improved 
re a c t io n  tim e and speed o f  movement tim es o f th e  a m  and le g .
Crowder^4, compared th e  e f f e c t s  o f  two methods o f  s tre n g th  
t r a in in g  on re a c tio n  tim e . The purpose o f  t h i s  study  was to  compare 
th e  e f f e c t s  o f  iso m e tric  and is o to n ic  t r a in in g  on re a c tio n  tim e. 
S ix ty - th re e  s u b je c ts  were te s te d  fo r  r e a c t io n  tim e and d iv ided  in to  
th re e  g roups. I t  was found th a t  both th e  iso m e tr ic  and iso to n ic  groups 
improved s ig n i f ic a n t ly  in  re a c t io n  tim e , however, th e re  was no 
d if fe re n c e  between th e  two g roups.
Parker*^ conducted a study  on th e  r e la t io n s h ip  between re a c t io n  
tim e and p ro g re ss iv e  r e s is ta n c e  e x e rc is e .  Tw enty-three s u b je c ts ,  both  
men and women, were te s te d  fo r  r e a c t io n  tim es in  th e  upper and low er 
body. A ll s u b je c ts  then  began a co n cen tra ted  five-w eek t r a in in g
23C harles b . M ichael, "The E f fe c ts  o f Iso m e tric  C on trac tion  
b x e rc ise s  on R eaction  and Speed o f  Movement T im es," (Unpublished 
D octoral D is s e r ta t io n ,  L ou isiana  S ta te  U n iv e rs ity , 1963).
24
Vernon Crowder, "A Comparison o f  th e  E ffe c ts  o f  Two Methods 
o f  S tren g th  T ra in in g  on R eaction  Tim e," (unpub lished  M a s te r 's  T h es is , 
L ou isiana  S ta te  U n iv e rs ity , 1966).
25
A rthu r B. P a rk e r, J r . ,  "A Study o f  th e  R e la tio n sh ip  Between 
R eaction Time and P ro g ress iv e  R e s is t iv e  S x e rc is e ,"  (unpublished  M a s te r 's  
T h es is , S p r in g f ie ld  C o llege , S p r in g f ie ld ,  M assachuse tts, I9 6 0 ).
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program with p ro g re ss iv e  r e s i s t iv e  e x e rc is e s . I t  was found th a t  re a c tio n  
tim es o f  both th e  men and women were improved a f t e r  th e  five-w eek t r a i n ­
ing program.
Woodward^0 compared th e  r e s u l t s  o f a p ro g re ss iv e  weight program 
and a req u ire d  p h y s ic a l education  program on s tre n g th , endurance, 
re a c tio n  tim e , and b a la n ce . He concluded th a t  weight t r a in in g ,  when 
added to  a p h y s ic a l educa tion  program, s ig n i f ic a n t ly  a ided  in  th e  
development o f  s tre n g th , endurance, re a c tio n  tim e , and b a lan ce .
P ie rson  and H a sc h ^  in v e s tig a te d  th e  c o r r e la t io n  o f  iso m etric  
s tre n g th  to  iso to n ic  endurance, re a c tio n  tim e , and speed o f movement.
The su b je c ts  were te s te d  iso m e tr ic a lly  and then  one week l a t e r  were 
te s te d  fo r  is o to n ic  endurance, speed o f movement, and re a c tio n  tim e.
I t  was found th a t  no s ig n i f ic a n t  c o r r e la t io n  e x is te d  between iso m etric  
s tre n g th  and any' o f th e  f a c to r s  m easured.
IV. STUDIES RLLATLD TO ISOTONIC AND ISOMLTRIC TRAINING 
AND THd DLVdLOPKLNT OF LNDURANCl
2£vT u t t le ,  Janney, and Salzano in v e s tig a te d  th e  r e la t io n  o f
James Woodward, "P ro g ress iv e  Weight T ra in ing  in  P h y sica l 
ed u ca tio n ,"  Completed Re search  in  H e a lth , Phy s ic a l  dducat ion and Recrea­
t i o n . Research C ouncil, American A sso c ia tio n  fo r  H ealth , P h y sica l 
educa tion  and R ecrea tio n , I I ,  i 960 , 70.
27W. R. P ierson  and P. J ,  Rasch, " Isom etric  S treng th  a s  a F ac to r 
in  F u n c tio n a l Muscle T e s tin g ,"  'The American Jo u rn a l o f P h y sica l M edicine. 
XL11, 1963, 205-207.
28'W. W. T u tt le ,  C. D. Janney, and J .  V. Salzano , "R e la tion  o f 
Maximum Back and Leg S tren g th  to  Back and Leg S tren g th  Lndurance," The 
Research q u a r t e r ly . XXVI (March, 1955), 9&-106.
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maximum s tre n g th  to  s tre n g th  endurance and found th a t  th e  development o f  
s tre n g th  endurance was no t d i r e c t ly  p ro p o r tio n a l to  th e  development o f  
maximum s tre n g th .
Capen2^ te s te d  a weight t r a in in g  c la s s  and a c o n d itio n in g  c la s s  
f o r  endurance b e fo re  and a f t e r  a  t r a in in g  p e rio d  and found th a t  both 
groups in c reased  in  a l l  m uscular endurance e v en ts . The weight t r a in in g  
c la s s  in c reased  more than  d id  th e  c o n d itio n in g  c la s s  in  ch inn ing , 
d ip p in g , and squa t jumps. The co n d itio n in g  c la s s  in c reased  more than
th e  weight t r a in in g  c la s s  in  push-ups and two-minute s i t - u p s .
30Dennison, Howell, and Manford^ te s te d  tw enty su b je c ts  on t h e i r  
perform ance in  h igh  b a r  ch inning  and p a r a l l e l  b a r  d ip p in g . The group 
was then  d iv ided  in to  two groups o f te n .  Group one t r a in e d  is o to n ic a l ly  
and Group two t r a in e d  u t i l i z i n g  a s e r ie s  o f  th i r t e e n  e x e rc is e s . Group 
one showed s t a t i s t i c a l l y  s ig n i f ic a n t  improvements a t  th e  .01 le v e l  o f  
confidence in  d ip p in g . Group two showed s t a t i s t i c a l l y  s ig n i f ic a n t  
improvements a t  th e  .05 le v e l  o f  confidence in  both  ch inn ing  and d ipp ing .
Mathews, Shay, Godin, and Hogdon-^ in v e s tig a te d  c ro ss  t r a n s f e r
29Edward K. Capen, "The E ffe c t o f  System atic  Weight T rain ing  on 
Power, S tre n g th , and Endurance,"  The Research Q u a r te r ly . XXI (May, 1950), 
83-93.
D. Dennison, M. L. Howell, and W. R. Manford, "E ffec t o f  
Iso m etric  and Iso to n ic  E xerc ise  Programs Upon M uscular Endurance," The 
Research Q u a r te r ly . XXXVII (O ctober, 1966), 348-352.
31Donald K. Mathews, C layton T. Shay, Frank Godin, and Robert 
Hogdon, "Cross T ra n sfe r  E ffe c ts  o f T ra in ing  on S tren g th  and Endurance," 
The Research Q u a r te r ly . XXVII (May, 1956), 206-212.
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e f f e c t s  o f t r a in in g  on s tre n g th  and endurance. Tw enty-eight su b je c ts  
were e x e rc ise d , u sing  th e  elbow f le x o r  muscle group, th re e  tim es a 
week fo r  a p e rio d  o f fo u r weeks. There was a s ig n i f ic a n t  gain  in  
s tre n g th  in  both th e  ex e rc ised  and unexerc ised  muscle groups. S ig n if i ­
can t in c re a se s  in  m uscular endurance were found only in  th e  e x e rc ised  
muscle group.
McCraw and Burnham-^ in v e s tig a te d  the  e f fe c tiv e n e s s  o f th re e  
methods o f r e s i s t i v e  e x e rc is e s  in  in c re a s in g  m uscular s tre n g th  and 
endurance. I s o to n ic , iso m e tr ic , and speed c o n tra c tio n s  were th e  th re e  
methods employed. I t  was found th a t  muscle endurance can b e s t be 
developed by rep ea ted  c o n tra c tio n s  o f  th e  m uscle, perform ed a s  ra p id ly  
as p o s s ib le  a g a in s t a reasonab ly  heavy lo ad .
The e f f e c t  o f  iso m etric  and is o to n ic  e x e rc ise  programs upon 
m uscular endurance was in v e s tig a te d  by Howell, Kimoto, and Manford.^3 
Three groups o f e leven  su b je c ts  each were used in  t h i s  s tudy . Group 1 
t r a in e d  i s o to n ic a l ly ,  Group I I  perform ed th e  Commander Set group o f 
e x e rc is e s , and Group I I I  served as a  c o n tro l  group. Both experim en tal 
groups made s ig n i f ic a n t  improvements in  m uscular endurance. I t  was 
concluded th a t  in c re a se s  in  m uscular endurance may be e ffe c te d  by
*lynn W. McCraw and S tan  Burnham, "R e s is tiv e  E x erc ises  in  
th e  Development o f M uscular S tren g th  and E ndurance," The Research 
Q u a r te r ly . XXXVII (March, 1966), 79-88.
33Maxwell L. Howell, Roy Kimoto, and W. R. Manford, "E ffec t 
o f Iso rae tric  and Iso to n ic  E x erc ise  Programs Upon Muscular E ndurance," 
The Research Q u a rte r ly . XXXIII (December, 1962), 536-540*
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c e r ta in  programs o f  iso m etric  c o n tra c tio n s  a s  w e ll as by is o to n ic  
e x e rc is e s .
V. SUMMARY OF RELATED STUDIES
S ec tio n  I o f t h i s  c h a p te r  was concerned w ith  s tu d ie s  r e la te d  
to  is o to n ic  and iso m e tr ic  s tre n g th  developm ent. The m a jo rity  o f 
s tu d ie s  in  t h i s  se c tio n  in d ic a te d  th a t  both is o to n ic  and iso m e tr ic  
t r a in in g  program s produced s ig n i f ic a n t  in c re a s e s  in  s tr e n g th . No 
s ig n i f ic a n t  d if fe re n c e s  were no ted  when is o to n ic  e x e rc is e  programs 
were compared w ith  iso m e tric  e x e rc is e  p rogram s.3^ In one study 
i t  was found t h a t  each method produced a h ig h e r  degree o f improve­
ment when s u b je c ts  were measured in  th e  way th ey  t r a i n e d .35 One 
study found th e  p o s i t io n  s e l e c t iv i ty  o f s tre n g th  g a in s  v a r ie s  from 
m uscle group to  muscle g ro u p .3^ Another study found th a t  th e  a d d itio n  
o f  an is o to n ic  e x e rc is e  to  an iso m e tric  e x e rc is e  does n o t s ig n i f ic a n t ly  
a f f e c t  th e  amount o f  s tre n g th  improvement o b ta in ed  th rough  th e  use of 
iso m etric  e x e rc is e s  a lo n e . ^
S ec tio n  I I  was concerned w ith  s tu d ie s  r e la te d  to  is o to n ic  and 
iso m e tric  t r a in in g  and speed o f movement. Three s tu d ie s  in  t h i s  se c tio n  
re p o rte d  th a t  in c re a se s  in  s tre n g th  d id  not improve speed o f  movement.38
Q j
C hui, K ruse, and Asa, l o c . c i t .
35B erger, "Comparison o f S tre n g th  In c re a s e s ,"  l o c . c i t . 
3 ^ S te r l in g , lo c . c i t . 3?Ba r}lajr̂  lo c .  c i t .
3 °P ie rso n  and Rasch, K e is e i ,  and Swegan, l o c . c i t .
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The m a jo rity  o f  th e  s tu d ie s  rep o rte d  th a t  an iso to n ic  t r a in in g  program
39brought about s ig n i f ic a n t  in c re a se s  in  speed o f movement. 7 However, 
on iy  th re e  s tu d ie s  in d ic a te d  th a t  both  iso to n ic  and iso m e tric  t r a in in g  
programs would s ig n i f ic a n t ly  improve speed o f m ovem ent.^
S ec tio n  111 was comprised o f  s tu d ie s  r e la te d  to  is o to n ic  and 
iso m etric  t r a in in g  and re a c tio n  tim e . 'The m a jo r ity  o f th e se  s tu d ie s  
re p o rte d  th a t  re a c tio n  tim e could be s ig n i f ic a n t ly  improved through 
e i th e r  iso to n ic  o r iso m etric  t r a in in g  p rogram s.^- One study  rep o rte d  
th a t  an iso to n ic  program improved re a c tio n  tim es bu t th e  r e s u l t s  were 
no t s t a t i s t i c a l l y  s i g n i f i c a n t T w o  s tu d ie s  rep o rte d  t h a t  no c o rre la ­
t io n  e x is te d  between s tre n g th  and re a c tio n  t i m e .^
S ec tio n  IV d e a l t  w ith s tu d ie s  r e la te d  to  is o to n ic  and iso m etric  
t r a in in g  and th e  development o f endurance. Three s tu d ie s  in d ic a te d  
th a t  m uscular endurance could be improved by iso m etric  o r  iso to n ic  
t r a in in g  p ro g ra m s .^  One study re p o rte d  th a t  th e re  was a c ro ss  t r a n s f e r  
on m uscular s tr e n g th , but no t on m uscular e n d u ra n c e .^  Another study
39Zorbas and K arpovich, Mosley, H airabed ian , and Donaldson, 
if id re s , W ilk in , l o c . c i t .
40
Meadows, Sm ith, W hitley and Sm ith, lo c . c i t .
41
M ichael, Crowder, P a rk e r , and 'Woodward, l o c . c i t .
^A n d erso n , l o c . c i t .
43C larke and G lin es , and P ie rso n  and Rasch, l o c . c i t .
44
Dennison, Howell, and H anford, Capen, and Howell, Kimoto, and 
Kanford, lo c . c i t .
^M athew s, Shay, Godin, and Hogdon, lo c . c i t .
24
found t h a t  endurance cou ld  b e s t  be developed by rep ea ted  c o n tra c tio n s  
o f  th e  m uscle perform ed a s  r a p id ly  as p o s s ib le  a g a in s t a  reaso n ab ly  
heavy l o a d . ^  Another study  re p o rte d  th a t  th e  development o f  s tre n g th  
endurance was no t d i r e c t l y  p ro p o r tio n a l  to  th e  development o f maximum 
s t r e n g th . ^
46McCraw and Burnham, lo c , c i t .
47T u t t l e ,  Janney, and S a lzano , l o c . c i t .
CHAPTER I I I
PROCEDURE FOR THE STUDY
I .  OVERVIEW OF THE STUDY
T his study  was conducted du ring  th e  f a l l  sem ester o f  th e  schoo l 
y e a r  1966-67 a t  L ou isiana  S ta te  U n iv e rs ity  in  A lex an d ria , L o u is ian a .
The i n i t i a l  t e s t s  o f  s t r e n g th , speed o f movement, r e a c t io n  tim e a t  
th re e  p o s i t io n s ,  and endurance in  th e  sup ine p r e s s ,  were a d m in is te red  
to  10S male s tu d e n ts  in  p h y s ic a l educa tion  a c t iv i t y  c la s s e s .  These 
s tu d e n ts  were randomly d iv id ed  in to  s ix  ex p erim en ta l groups o f  e ig h tee n  
s u b je c ts  each .
Groups I ,  21, and I I I  t r a in e d  is o m e tr ic a lly  in  th e  supine p re s s  
on th e  Iso -K eto n . Group I  t r a in e d  w ith  th e  handbar a t  th e  c h es t 
p o s i t io n ,  which rep re se n te d  th e  low er l im i t  o f  th e  bottom  t h i r d  o f  th e  
range o f  m otion . Group 11 t r a in e d  w ith  th «  handbar a t  th e  p o s i t io n  
th a t  re p re se n te d  th e  low er l im i t  o f  th e  m iddle t h i r d  o f  th e  range o f 
m otion and Group I I I  t r a in e d  w ith th e  handbar a t  th e  p o s i t io n  th a t  
re p re se n te d  th e  low er l im i t  o f  th e  to p  t h i r d  o f  th e  range o f  m otion.
Groups IV, V, and VI t r a in e d  i s o to n ic a l ly  in  th e  sup ine  p re s s  
w ith  b a r - b e l l s  and w e ig h ts . Group IV t r a in e d  th rough  th e  bottom  t h i r d  
o f  th e  range o f  m otion , Group V t r a in e d  th rough  th e  m iddle t h i r d  o f 
th e  range o f  m otion , and Group VI t r a in e d  th rough  th e  to p  t h i r d  o f  th e  
range o f  m otion.
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The p a r t i c ip a n ts  t r a in e d  th r e e  tim es a week f o r  a p e rio d  of 
f iv e  weeks. The f i n a l  t e s t s  were id e n t i c a l  to  th e  i n i t i a l  t e s t s  and 
were ad m in is te red  a t  th e  end o f th e  f i f t h  week o f t r a in in g .
The g a in s  were analyzed  f o r  s t a t i s t i c a l  s ig n if ic a n c e .  Analyses 
o f  v a ria n ce  and c o v a ria n c e , u t i l i z i n g  a two by th re e  f a c t o r i a l  d e s ig n , 
m easured th e  e f f e c t iv e n e s s  o f th e  s ix  t r a in in g  program s.
I I .  SUBJECTS
A t o t a l  o f  108 male c o lle g e  freshm en and sophomore s tu d e n ts  
between th e  ages o f  e ig h teen  and tw enty  who were e n ro lle d  in  p h y s ic a l 
ed u ca tio n  c la s s e s  a t  L ou isiana  S ta te  U n iv e rs ity  a t  A lex an d ria ,
L o u is ian a  were used a s  s u b je c ts  f o r  t h i s  s tu d y . Persons w ith  any 
ty p e  o f  p h y s ic a l d i s a b i l i t y  were excluded . A ll p a r t i c ip a n ts  were 
t e s te d  fo r  s t r e n g th ,  speed o f  movement, re a c t io n  tim e , and endurance.
The s u b je c ts  were d iv ided  in to  s ix  ex p erim en ta l groups through 
random s e le c t io n  o f  each s tu d e n t 's  p e rso n a l d a ta  c a rd , which co n ta in ed  
in fo rm a tio n  p e r ta in in g  to  th e  experim en t.
I I I .  TbSTING AND TRAINING bQUlPMKNT
Iso-M eton.^  The Iso-M eton used in  t h i s  study  was an iso m e tric  
e x e r c is e r  capab le  o f  m easuring an e x e rted  fo rc e  o f  up to  760 pounds.
I t  had a s l id in g  handbar a d ju s ta b le  to  f r a c t io n s  o f  an in ch , a s tre n g th  
s c a le  w ith  a maximum rec o rd in g  ta b ,  and a s tre n g th  sc a le  w ith  an e l e c t r i c
^ Iso m etric  Iso-K eton L x e rc is e r ,  H&M o f  L ib e ra l ,  I n c . ,  L ib e ra l ,
Kansas.
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c o n ta c t sw itch which could  be a d ju s te d  to  a p redeterm ined  w eight.
Maximum achievem ent was reco rded  on one s c a le ,  w hile  th e  predeterm ined  
g o a l, i f  a t ta in e d ,  was s ig n a led  by a buzzer connected to  th e  o th e r  
s c a le .  The predeterm ined  e l e c t r i c a l  buzzer sc a le  opera ted  on two dry 
c e l l  f l a s h l ig h t  b a t t e r i e s .
The fram e, o f heavy gauge s t e e l ,  provided housing f o r  th e  
5 ,U 00-pound-test a i r c r a f t  cab le  which t r a n s fe r r e d  exerted  fo rce  from 
th e  handbar to  th e  s tre n g th  s c a le s .  The Iso-M eton provided a com plete 
e x e rc is e  a re a  w ith in  f i f t e e n  square f e e t  o f  f lo o r  space. This 
equipment was used fo r  two p u rposes: to  t e s t  s t a t i c  s t r e n g th , and to  
t r a i n  th e  th re e  iso m etric  g roups. (See F igure  l j
Dekan Human Perform ance A nalyzer. This was a tim ing  device 
used f o r  t e s t i n g  speed o f movement and re a c tio n  tim e . I t  was c a l ib r a te d  
in  one-hundred ths o f  a  second. A s p e c ia l  s t a r t  sw itch and an impact 
sw itch s ta r te d  and stopped th e  tim ing  f o r  speed o f  movement. The 
tim ing  dev ice  was c o n s tru c te d  in  such a manner th a t  a sound stim u lus 
could  be produced which sim u ltaneously  s ta r te d  th e  c lo ck . A s p e c ia l  
sw itch  was a tta c h e d  which stopped th e  clock when p re ssu re  was re le a s e d  
from th e  sw itch , th u s  t e s t in g  re a c tio n  tim e .
Dummy B ar. This was a wooden broom handle w ith a padded m iddle 
se c tio n  to  which th e  impact sw itch  was a tta c h e d  f o r  th e  measurement o f  
speed o f  movement.
Power Rack. Two power racks were used f o r  bo th  t e s t in g  and
2
Dekan Timing D evices, Glen l l l y n ,  I l l i n o i s .
FiGURE I
ISO-METON USED 3N TESTING FOR STATIC STRENGTH 
AND TRAINING OF Tffii ISOMETRIC GROUPS
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t r a in in g ,  Each power rack  c o n s is te d  o f  fo u r v e r t i c a l  s t e e l  r a i l s ,  two 
on each s id e  o f th e  wooden b a se , each m easuring seven f e e t  in  le n g th .
The r a i l s  were braced  a t  th e  to p  and secu re ly  fa s te n e d  to  a s t e e l  base 
which, in  tu r n ,  was b o lte d  to  a  la rg e  wooden b a se . There were spaces 
o f approx im ately  s ix  inches between th e  two s t e e l  r a i l s  on each s id e  
o f th e  rac k . This allow ed th e  b a r to  move e a s i ly  when th e  su b je c ts  
were perform ing th e  supine p r e s s .  The s id e  r a i l s  con ta ined  h o les  
p laced  two inches a p a rt to  a llow  f o r  th e  in s e r t io n  o f la rg e  p in s .  The 
purposes o f th e se  p in s  ’were to  hold th e  b a r - b e l l  and w eights in  p lace  
and to  d iv id e  th e  range o f m otion in  th e  supine p re s s  in to  o n e -th ird  
p ro p o r tio n s , iiach hole was numbered fo r  convenience in  t e s t in g  and 
t r a in in g .  Power rack can be seen in  F igure 2, page 33.
Measuring Tape. A s ix - fo o t  s t e e l  m easuring tap e  was used to  
measure seven teen  inches from th e  s t a r t  sw itch to  th e  dummy b a r in  
te s t in g  speed o f movement.
IV. TESTING PROCEDURES
P re -T e s tin g  Period
Four c la s s  p e rio d s  f o r  each o f th e  n ine  p a r t ic ip a t in g  c la s s e s  
were devoted to  f a m ilia r iz in g  th e  su b je c ts  w ith  th e  techn ique  involved 
in  th e  t e s t i n g  procedures in  o rd e r  to  c o n tro l th e  le a rn in g  f a c to r .
During t h i s  le a rn in g  p e rio d  each su b je c t was given an o p p o rtu n ity  
to  p ra c t ic e  th e  movements involved  in  th e  v a rio u s  t e s t s  and th e  optimum 
p o s i t io n s  f o r  each t e s t  were determ ined . For example, w hile each 
su b je c t p ra c tic e d  th e  s t a t i c  s tre n g th  t e s t ,  h i s  o f f i c i a l  t e s t in g  p o s it io n
30
was e s ta b l is h e d  th rough  ad justm ent o f  th e  b a r  o f th e  Iso-M eton to  a 
p o s i t io n  th a t  p laced  th e  s u b je c t 's  arms p a r a l l e l  to  th e  f lo o r  when he 
g rasped  th e  b a r . S t r ip s  o f tap e  were p laced  on th e  handbar to  a id  in  
th e  p ro p e r l a t e r a l  p o s i t io n in g  o f th e  hands. A m easuring tap e  was 
lo c a te d  on th e  l e f t  s id e  r a i l  o f th e  Iso-M eton. When th e  p ro p e r t e s t ­
ing p o s i t io n  was determ ined , th e  end o f th e  handbar was checked to  
f in d  th e  o f f i c i a l  measurement on th e  ta p e .  This p o s i t io n  was recorded  
on th e  p e rso n a l d a ta  card  of each su b je c t th u s  a ssu rin g  th a t  each 
s u b je c t would be measured fo r  s t a t i c  s tre n g th  in  th e  supine p re s s  a t  
e x a c tly  th e  same p o s i t io n  in  th e  i n i t i a l  and f i n a l  t e s t s .
During th e  le a rn in g  p e rio d  each s u b je c t 's  f u l l  range o f motion 
in  th e  supine p re s s  was determ ined by having  him assume a  supine 
p o s i t io n  on a bench, g rasp  a broom hand le  and make a f u l l  upward arm 
e x te n s io n . The d is ta n c e  from th e  c h es t to  th e  b a r  was measured and 
reco rded  a s  th e  f u l l  range o f  m otion. At th e  same tim e , o b se rv a tio n s  
and rec o rd in g s  were made o f th e  power rack  hole numbers co rrespond ing  
to  th e  s u b je c t 's  c h e s t and broom handle  l e v e ls .  T his gave th e  lower 
and upper l im i t s  o f th e  range o f  m otion on th e  power rack  fo r  each 
s u b je c t .  The f u l l  range o f m otion f o r  each su b je c t was th en  d iv ided  
in to  th re e  equal segm ents. The ho le  numbers re p re se n tin g  th e  low er 
l im i t  o f th e  m iddle and to p  th i r d  o f th e  range o f m otion were deduced 
and reco rd ed . These rec o rd in g s  f a c i l i t a t e d  placem ent o f  th e  sp e c ia l  
r e a c t io n  tim e sw itch  and placem ent o f  p in e  in  th e  power rack  fo r  th e  
t r a in in g  phase o f th e  experim ent.
31
A fte r  th e  le a rn in g  phase was com pleted , th e  i n i t i a l  t e s t s  were 
a d m in is te re d . Measurements o f  speed o f  movement and s t a t i c  s tre n g th  
were made d u rin g  th e  f i r s t  t e s t in g  p e r io d . At th e  second t e s t in g  
p e r io d , re a c tio n  tim e a t  th re e  p o s i t io n s  and endurance were m easured. 
S cores from th e s e  t e s t s  were reco rded  on th e  s u b je c t 's  p e rso n a l d a ta  
c a rd . A sample d a ta  ca rd  i s  shown in  Appendix A.
For any q u a l i ty  be ing  te s te d  th e  p rocedures were id e n t ic a l  
f o r  both  i n i t i a l  and f i n a l  t e s t s .  The same amount o f  w eight was used 
in  th e  p o s t t e s t  a s  in  th e  i n i t i a l  t e s t  in  de te rm in ing  th e  endurance 
sc o re .
The fo llo w in g  i s  a d e s c r ip t io n  o f  how measurements were 
o b ta in e d .
P rocedures f o r  Speed o f  Movement T estin g
A fte r  th e  su b je c t assumed a supine p o s i t io n  on a  bench under 
th e  power ra c k , a broom handle  was p laced  a c ro ss  h is  c h e s t .  The 
s p e c ia l  s t a r t  sw itch  o f  th e  Dekan Human Perform ance A nalyzer was th en  
tap ed  d i r e c t l y  over h is  sternum  and a dummy b a r  was p laced  e x a c tly  
seven teen  inches above th e  sw itch . The c e n te r  o f  th e  dummy b a r was 
wrapped w ith  tap e  and th e  impact sw itch  o f  th e  Dekan Human Performance
A nalyzer was secu red  by a  p iec e  o f  tap e  to  th e  dummy b a r .
The broom handle  was then  grasped  by th e  su b je c t and he ld  
f irm ly  a g a in s t h is  c h e s t ,  p re s s in g  down on th e  s p e c ia l  s t a r t  sw itch .
The tim in g  c i r c u i t  was th u s  "arm ed.11 When th e  su b je c t was ready , he
pushed th e  b a r  upward as r a p id ly  a s  p o s s ib le .  When he i n i t i a t e d  th e
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movement, th e  p re s su re  was re le a s e d  from th e  s p e c ia l  s t a r t  sw itch .
This s ta r te d  th e  c o u n te r . When th e  broom hand le  made co n ta c t w ith th e
ta p e  on th e  dummy b a r ,  th e  j o l t  caused th e  impact sw itch  to  break th e
c i r c u i t  and s to p  th e  tim in g . The tim e fo r  t h i s  movement was then
read  and recorded  to  th e  n e a re s t  one-hundredth  o f  a second, Sach
su b je c t was g iven  fo u r t r i a l s  and th e  b e s t r e s u l t  was recorded  as h is
speed o f movement tim e . T his tim e was l a t e r  converted  to  average
v e lo c ity  by use o f th e  fo m u la :  Va = D (See F igu re  2)
U
Procedures f o r  T es tin g  S ta t ic  S tren g th
Sach p a r t i c ip a n t  was th en  te s te d  fo r  s t a t i c  s tre n g th  in  th e  
supine p re s s  as measured by th e  Iso-M eton. He assumed a supine 
p o s i t io n  on a bench which was mounted over th e  p la tfo rm  o f  th e  I s o -  
Meton and had th e  a d ju s ta b le  handbar p laced  in  th e  o f f i c i a l  t e s t in g  
p o s i t io n  which had been determ ined  du ring  th e  le a rn in g  p e rio d . A fte r  
g rasp ing  th e  b a r and being g iven  th e  command, "go when re a d y ,"  he 
a ttem pted  to  p re s s  upward by ex tend ing  th e  arm s. A ctual movement was 
n o t p o s s ib le  because th e  handbar was secu re ly  fa s te n e d  to  cab les  
housed in  th e  s id e  r a i l s  o f  th e  Iso-M eton, bu t th e  fo rce  e x e rted  
was r e g is te r e d  in  pounds on th e  s tre n g th  s c a le .  The su b je c t was 
re q u ire d  to  keep h is  back on th e  bench and h is  f e e t  on th e  f lo o r  
w hile perform ing th e  t e s t  f o r  s t a t i c  s tr e n g th . The reco rd in g  ta b  rem ained 
a t  th e  h ig h e s t read ing  on th e  Iso-M eton s tre n g th  sc a le  which was read  and
John W. Bunn, S c ie n t i f i c  P r in c ip le s  o f Coaching (Inglewood 
C l i f f s :  P re n t ic e -H a ll ,  I n c . ,  1962) ,  p . 23.
FIGURE 2
UBJECT DEMONSTRATING THE SPEED OF MOVEMENT TEST 
WITH THE AUTOMATIC PERFORI-IANCE ANALYZER
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th en  r e s e t .  A fte r a  minimum r e s t  p e rio d  o f te n  m inu tes, each su b jec t 
was r e te s te d  and th e  b e t t e r  of th e  two r e s u l t s  was recorded  as th e  
i n i t i a l  score  fo r  s t a t i c  s tre n g th  in  th e  supine p re s s .  (See F igure 3)
P rocedures For T esting  R eaction  Time a t  Three P o s itio n s
At th e  second t e s t in g  period  speed o f re a c tio n  sco res a t  th re e  
p o s i t io n s  were o b ta in ed . R eaction tim e a t  th e  c h e s t ,  which rep re se n te d  
th e  bottom l im i t  o f th e  range o f motion was secured  f i r s t .
The su b je c t assumed a supine p o s i t io n  on a bench p laced  under 
a power ra c k . The s p e c ia l  re a c tio n  tim e sw itch  o f th e  Dekan Human 
Performance A nalyzer was tap ed  to  th e  s u b je c t 's  ch est a s in  speed of 
movement t e s t i n g .  The su b je c t th en  p ressed  th e  wooden b a r f irm ly  
downward a g a in s t th e  s p e c ia l  re a c tio n  tim e sw itch . The tim ing  c i r c u i t  
was th u s  "arm ed.1’
The t e s t e r  then  s e t  th e  d ia l  which re g u la te d  th e  in te r v a l  
between th e  a c t iv a t io n  o f th e  sound s tim u lu s and th e  re c e p tio n  o f  the  
s tim u lu s . When a l l  c o n d itio n s  were read y , the  t e s t e r  s a id ,  " I  am 
pushing th e  b u tto n ."  This served  a s  n o t i f i c a t io n  th a t  th e  stim u lus 
was being  a c t iv a te d .  When th e  buzzer sounded th e  su b je c t pushed th e  
b a r o f f  th e  sp e c ia l  r e a c t io n  tim e sw itch  as r a p id ly  as p o s s ib le .  YJhen 
p re s su re  was re le a se d  from th e  sw itch , tim ing  was stopped and re a c tio n  
tim e was then  read in  hundredths o f a second. Three o f f i c i a l  measure­
ments were recorded  and th en  averaged a s  th e  score  fo r  re a c t io n  tim e 
a t  th e  bottom, p o s it io n  in  th e  supine p re s s .  (See F igure  4, page 3 6 .) 
Predeterm ined tim e in te r v a ls  between th e  a c t iv a t io n  o f and
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FIGURE 3
SUBJECT DEMONSTRATING THE PROPER POSITION FOR TESTING 
STATIC STRENGTH UTILIZING THE ISO-METOK
FIGURE 4
SUBJECT DEKDNSrRATING POSITION FOR TESTING REACTION THE, 
*T THE BOTTOM POSITION UTILIZING THE AUTOMATIC 
PERFORMANCE ANALYZER
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re c e p tio n  o f  th e  s tim u lu s were s e t  on th e  delay  s t a r t  sw itch  d i a l  fo r  
each o f  th e  th re e  o f f i c i a l  s c o re s . For th e  f i r s t ,  second, and t h i r d  
sc o re s , th e  in te r v a l s  were one second, th re e  seconds, and two seconds, 
r e s p e c t iv e ly .  Each su b je c t was g iven  th re e  p r a c t ic e  t r i a l s  b e fo re  th e  
o f f i c i a l  t e s t i n g  began.
The su b je c t was te s te d  n ex t fo r  re a c tio n  tim e a t  th e  lower 
l im i t  o f th e  m iddle th i r d  o f  th e  range o f  m otion. The ho le  number in
th e  power rack  re p re se n tin g  t h i s  p o s i t io n  was o b ta in ed  from th e  p e rso n a l
d a ta  c a rd . P ins were in se r te d  in  th e  p ro p er h o le s  on th e  power rac k .
The bases o f  th e se  p in s  were l e f t  p ro tru d in g  in  o rd e r  to  serve as a  
support f o r  a s p e c ia l ly  c o n s tru c te d  c ro ss-shaped  board . With the
board in  p o s i t io n ,  one o f  i t s  arms re s te d  on th e  p in s  in  th e  power rack
and th e  o th e r  arm extended above th e  c h es t o f th e  s u b je c t .  The s p e c ia l  
re a c tio n  tim e sw itch  was p laced  on t h i s  board and th e  rem ainder o f  th e  
p rocedure  was id e n t ic a l  to  th a t  which was used in  t e s t in g  re a c tio n  tim e 
on th e  c h e s t .  (See F igure  5)
N ext, each su b je c t was t e s te d  on re a c tio n  tim e a t  th e  low er
l im i t  o f th e  to p  t h i r d  o f  th e  range o f m otion in  th e  supine p re s s .
The power rack  p in  placem ent was o b ta in ed  by re fe re n c e  to  th e  p redeterm ined  
measurements on th e  s u b j e c t s  p e rso n a l d a ta  c a rd . The same procedure  was
used to  t e s t  f o r  r e a c t io n  tim e a t  t h i s  p o s it io n  a s  was used in  th e
p rev io u s  t e s t s .  (See F igu re  6 , page 3 9 .)
P rocedures For T es tin g  Endurance
iindurance was measured by having th e  su b je c t perform  r e p e t i t io n s  
in  th e  supine p re s s  w ith  a b a r - b e l l  and w eigh ts.
FIGURE 5
SUBJECT DEMONSTRATING POSITION FOR TESTING REACTION TIME 




SUBJECT DEMDNSTRATING POSITION FOR TESTING REACTION TIME 
AT THE TOP POSITION UTILIZING THE AUTOMATIC 
PERFORMANCE ANALYZER
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For t h i s  t e s t  th e  p a r t ic ip a n t  assumed a supine p o s it io n  on a 
bench p laced  under th e  power rac k . A b a r - b e l l  w ith a t o t a l  weight 
corresponding to  f i f t y  p e r cen t o f  h i s  s t a t i c  s tre n g th  score  was p laced  
on p in s  in  th e  power ra c k . When th e  su b je c t was ready he grasped th e  
b a r - b e l l ,  th e  p in s  were removed, and th e  b a r - b e l l  lowered onto h is  
c h e s t.
An a s s i s t a n t  to  th e  t e s t e r  stood ready in  f ro n t  o f  a la rg e  w all 
c lock w ith a sweep second hand. When th e  su b je c t was ready , th e  
a s s i s ta n t  gave the  command "up ." This command was given every two 
seconds. The su b je c t responded and th e  t e s t e r  counted th e  number o f 
tim es th a t  th e  su b je c t extended th e  b a r -b e l l  upward and re tu rn e d  i t  to  
h is  ch est in  cadence w ith th e  a s s i s t a n t .  When th e  su b je c t could no 
lo n g er keep cadence, th e  number o f tim es th a t  he had su c c e ss fu lly  
extended t h i s  r e s is ta n c e  was recorded as h is  endurance sco re .
V. TRAINING PROGRAMS
bach o f th e  s ix  experim ental groups wa3 composed o f  su b je c ts  
from a l l  nine o f  th e  p h y s ic a l educa tion  c la s s e s  p a r t ic ip a t in g  in  the  
experim ent. T his e lim in a te d  th e  p o s s ib i l i ty  o f th e  v a r ia b le  o f th e  
tim e o f  day in flu e n c in g  th e  sco res o f a p a r t i c u la r  group. A ll groups 
t r a in e d  approxim ately  te n  m inutes a day th re e  tim es a week fo r  a pe riod  
o f f iv e  weeks. The su b je c ts  were asked to  re p o r t  to  c la s s  f iv e  m inutes 
e a r ly  so th a t  th e  t r a in in g  phase o f t h i s  experim ent would occupy only 
f iv e  m inutes o f c la s s  tim e , bach person  in  th e  iso m etric  groups 
ex e rc ised  only  one tim e on each t r a in in g  day. This amounted to  a
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maximum o r  near-maximum push o f e ig h t seconds a g a in s t th e  handbar o f 
th e  Iso-M eton. In d iv id u a ls  in  th e  iso to n ic  groups a lso  ex e rc ised  only 
one tim e on each t r a in in g  day. This amounted to  perform ing e ig h t to  
te n  r e p e t i t io n s  through e i th e r  th e  bottom , m iddle , o r  to p  th i r d  o f th e  
range o f  motion in  th e  supine p re s s .  A fte r  th e  com pletion o f  th e  te n -  
m inute t r a in in g  program on each t r a in in g  day, th e  p a r t ic ip a n ts  rep o rted  
to  t h e i r  re g u la r  p h y s ic a l education  a c t iv i t y  c la s s .  The c la s s e s  
involved  in  t h i s  experim ent were engaged in  a rch e ry , v o l le y b a l l ,  g o lf  
and te n n is .
S tuden ts in  th e  iso to n ic  groups were m otivated  to  perform  a t  a 
maximum le v e l  by knowledge o f  th e  r e s u l t s  and by th e  knowledge th a t  
t h e i r  c la s s  g rades would be in flu en ced  by t h e i r  perform ance.
S u b jec ts  in  th e  iso m etric  groups were m otivated by knowledge 
o f th e  r e s u l t s ,  as recorded  on one sc a le  o f th e  Iso-M eton, w hile 
predeterm ined g o a ls , i f  a t ta in e d ,  were s ig n a led  by a buzzer on ano ther 
s c a le .  The iso m etric  g roups, a ls o , were to ld  th a t  t h e i r  perform ance 
in  t h i s  program would in flu e n ce  t h e i r  g rad es .
Group I—The Bottom P o s itio n  Isom etric  Group
This group t r a in e d  iso m e tr ic a lly  in  th e  supine p re s s  on th e  
Iso-M eton w ith  th e  handbar a t  th e  c h e s t ,  which rep re se n te d  th e  bottom 
l im i t  o f  th e  range o f motion in  th e  supine p re s s . They were urged to  
push as hard  as p o ss ib le  and no t to  stop  u n t i l  th e  command, " s to p ,” 
was g iven . The p redeterm ined  goal on th e  s tre n g th  sc a le  was s e t  f iv e  
pounds above th e  s tre n g th  score  o f th e  p rev ious t r a in in g  p e rio d . I f
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th e  su b je c t a t ta in e d  t h i s  g o a l,  a buzzer would sound. Whether th e  goa l 
was a t ta in e d  o r  n o t,  a maximum o r  near-maximum e f f o r t  was h e ld  fo r  
e ig h t seconds.
Group I I —The K iddle P o s itio n  Isom etric  Group
This group t r a in e d  is o m e tr ic a lly  in  th e  supine p re s s  on th e  
Iso-M eton w ith  th e  handbar a t  th e  p o s i t io n  th a t  re p re se n te d  th e  low er 
l im i t  o f  th e  m iddle t h i r d  o f  th e  range o f  m otion. The le n g th  o f  one- 
t h i r d  o f  th e  range o f  motion had been computed p re v io u s ly  and e n te re d  
on th e  p e rso n a l d a ta  c a rd .
A ll o th e r  t r a in in g  p rocedu res fo r  t h i s  group were th e  same as 
f o r  Group 1.
Group I I I — The Top P o s itio n  Iso m e tric  Group
This group t r a in e d  is o m e tr ic a lly  in  th e  supine p re s s  on th e  
Iso-M eton w ith  th e  handbar in  th e  p o s i t io n  th a t  re p re se n te d  th e  low er 
l im i t  o f  th e  to p  th i r d  o f th e  range o f  m otion . The len g th  o f  two- 
th i r d s  o f  th e  range o f  m otion had been computed p re v io u s ly  and e n te re d  
on th e  p e rso n a l d a ta  c a rd .
A ll o th e r  t r a in in g  p rocedu res f o r  t h i s  group were id e n t ic a l  to  
th o se  o f  Groups I  and IT.
Group IV—The Bottom P o s i t io n  Iso to n ic  Group
S u b je c ts  in  t h i s  group t r a in e d  is o to n ic a l ly  in  th e  supine p re s s  
w ith  a b a r - b e l l  and w eigh ts in  a power rack  w ith th e  r e s t r a in in g  p in s  
p lac ed  so th a t  th e  b a r  could  move on ly  th rough  th e  bottom  t h i r d  o f  th e
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range o f  m otion . The ho le  numbers on th e  power rack  re p re s e n tin g  th e  
to p  o f  t h i s  p o r t io n  o f  th e  f u l l  range o f  m otion had been p re v io u s ly  
e s ta b l is h e d  and e n te re d  on th e  p e rso n a l d a ta  ca rd  f o r  each s u b je c t .
The su b je c t assumed a  sup ine  p o s i t io n  on a bench p laced  in  th e  power 
ra c k . A b a r - b e l l  c o n ta in in g  th e  amount o f  w eight w ith  which th e  
su b je c t could  perform  e ig h t r e p e t i t io n s  in  th e  supine p re s s  was p laced  
a c ro ss  h is  c h e s t .
When read y , th e  s u b je c t perform ed a s  many r e p e t i t io n s  a s  p o s s ib le ,  
being  c a r e fu l  to  h i t  th e  p in s  a t  th e  to p  o f  th e  p re s s  and low er th e  
b a r so t h a t  i t  touched h is  c h e s t  on each r e p e t i t i o n .  When th e  su b je c t 
was a b le  to  perform  more th an  te n  r e p e t i t io n s  w ith  a p a r t i c u l a r  w eigh t, 
th e  lo ad  was in c re ased  in  o rd e r  to  low er th e  number o f  r e p e t i t i o n s  
back to  e ig h t .  T his method was fo llow ed th roughou t th e  five-w eek 
t r a in in g  p e r io d . B efore th e  t r a in in g  phase began, a  t r i a l  p e rio d  was 
u t i l i z e d  to  determ ine th e  amount o f  w eight w ith  which each s u b je c t in  
t h i s  group could perform  e ig h t  r e p e t i t io n s  in  th e  supine p r e s s .
Group V—The Middle P o s itio n  Iso to n ic  Group
T his group t r a in e d  i s o to n ic a l ly  in  th e  sup ine p re s s  w ith  a b a r­
b e l l  and w eigh ts in  a  power ra c k , bu t on ly  th rough  th e  m iddle t h i r d  o f 
th e  range o f  m otion. The p e rso n a l d a ta  ca rd  f o r  each su b je c t was 
checked and th e  h o le  p o s i t io n s  in  th e  power rack  f o r  th e  low er and upper 
l im i t s  o f th e  m iddle t h i r d  o f  th e  range o f  motion were secu red . P ins 
were p laced  in  th e s e  p o s i t io n s  and a b a r - b e l l  c o n ta in in g  th e  amount o f  
w eight w ith  which th e  s u b je c t could  perform  e ig h t  r e p e t i t io n s  in  th e  
supine p re s s  was p laced  on th e  low er s e t  o f  p in s .
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The su b je c t grasped th e  b a r - b e l l  and perform ed as many r e p e t i t io n s  
as p o s s ib le ,  being c a re fu l  to  touch th e  top  and bottom  p in s  on each 
r e p e t i t io n .  When th e  su b je c t was a b le  to  perform  more than  te n  r e p e t i ­
t io n s  w ith a p a r t i c u la r  w eigh t, th e  load  was in c reased  in  o rd e r to  lower 
th e  number o f r e p e t i t io n s  back to  e ig h t .  This method was follow ed 
throughout th e  five-w eek t r a in in g  p e rio d . Before th e  t r a in in g  phase 
began, a t r i a l  p e rio d  was u t i l i z e d  to  determ ine th e  amount o f  weight 
w ith  which each su b je c t in  t h i s  group could perform  e ig h t r e p e t i t io n s  
in  th e  supine p re s s .
Group VI—The Top P o s itio n  Iso to n ic  Group
This group t r a in e d  i s o to n ic a l ly  in  th e  supine p re s s  w ith  a 
b a r - b e l l  and w eights but only  through  th e  top  th i r d  o f  th e  range o f 
m otion. The p o s i t io n  o f th e  p in s  was o b ta in ed  from th e  p e rso n a l d a ta  
card  o f each s u b je c t .  The number o f  th e  ho les  on th e  power rack 
re p re se n tin g  th e  low er l im i t  o f th e  top  th i r d  o f th e  range o f motion 
in  th e  supine p re s s  was secured . P ins were p laced  in  th e se  ho les 
and a b a r - b e l l  c o n ta in in g  th e  amount o f weight w ith which th e  su b je c t 
could perform  e ig h t r e p e t i t io n s  in  th e  supine p re s s  was p laced  on th e se  
p in s .  The su b je c t grasped  the  b a r - b e l l  and perform ed a s  many r e p e t i t io n s  
as p o s s ib le ,  being c a re fu l  to  p re s s  upward to  f u l l  ami ex ten sio n  and 
lower th e  b a r  to  touch  th e  p in s  a t  th e  bottom o f  t h i s  range o f  motion 
on each r e p e t i t io n .  When th e  su b je c t was ab le  to  perform  more th an  te n  
r e p e t i t io n s  w ith  a p a r t i c u la r  w eigh t, th e  load  was in c reased  in  o rd e r  to  
lower th e  number o f r e p e t i t io n s  back to  e ig h t .  This method was follow ed
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th roughout th e  five-w eek t r a in in g  p e r io d . Before th e  t r a in in g  phase 
began, a  t r i a l  p e rio d  was u t i l i z e d  to  determ ine th e  amount o f  weight 
w ith  which each su b je c t in  t h i s  group could  perform  e ig h t r e p e t i t io n s .
VI. STATISTICAL ANALYSIS
At th e  end o f  th e  five-w eek t r a in in g  program, each su b je c t was 
r e te s te d  f o r  s t a t i c  s tre n g th , speed o f movement, re a c tio n  tim e in  
th re e  p o s i t io n s ,  and endurance in  th e  supine p re s s .
The d a ta  were analyzed by u t i l i z i n g  th e  form ula f o r  th e  comparison 
o f c o r re la te d  means to  e s ta b l is h  th e  s ig n if ic a n c e  o f th e  g a in s  in  
s t a t i c  s tre n g th  sc o re s , speed o f movement v e lo c i t i e s ,  r e a c tio n  tim es, 
and endurance sco res from th e  i n i t i a l  to  f i n a l  t e s t s .
In  o rd e r  to  determ ine whether to  use a n a ly s is  o f v a rian ce  o r  
c o v arian c e , th e  Pearson Product Moment method o f c o r r e la t io n  was 
employed u t i l i z i n g  i n i t i a l  sco res and g a in s . These c o r r e la t io n s  were 
computed fo r  each o f th e  s ix  v a r ia b le s .  As a r e s u l t  o f  th e se  c o r re la ­
t io n s ,  an a n a ly s is  o f va rian ce  u t i l i z i n g  a  two by th re e  f a c t o r i a l  
design  was employed in  an e f f o r t  to  a s c e r ta in  whether o r n o t s ig n i f ic a n t  
d if fe re n c e s  e x is te d  between th e  iso m etric  and iso to n ic  g roups, which 
re p re se n te d  th e  two le v e ls  o f B, and among th e  th re e  t r a in in g  p o s i t io n s ,  
which rep re se n te d  th e  th re e  le v e ls  o f A, f o r  s tre n g th , speed of move­
ment, and endurance. In te ra c t io n  between t r a in in g  methods and p o s it io n s  
was a lso  analyzed .
An a n a ly s is  o f covariance u t i l i z i n g  a two by th re e  f a c to r i a l  
design  was used to  see i f  s ig n i f ic a n t  d if fe re n c e s  e x is te d  between th e
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iso m e tr ic  and is o to n ic  groups and among th e  th re e  t r a in in g  p o s i t io n s  
f o r  r e a c t io n  tim e , a s  measured a t  th re e  p o s i t io n s  w ith in  th e  range o f 
m otion in  th e  supine p r e s s .  In te r a c t io n  between th e  two t r a in in g  
program s and th e  th re e  p o s i t io n s  o f e x e rc is e  was a ls o  analyzed .
CHAPTER IV
PRESENTATION AND ANALYSIS OF DATA 
I .  INTRODUCTION
The d a ta  in  t h i s  study  c o n s is te d  o f  i n i t i a l  t e s t  sc o re s  and 
f i n a l  t e s t  sco res  f o r  s t a t i c  s tr e n g th , speed o f  movement, re a c tio n  
tim e a t  th re e  p o s i t io n s ,  and endurance.
The f i r s t  s t a t i s t i c a l  com putation used to  analyze th e  d a ta  o f  
t h i s  study was th e  t - t e s t  u t i l i z i n g  th e  d if fe re n c e  method^ in  o rd e r  
to  de term ine  th e  s ig n if ic a n c e  o f th e  mean ga in  fo r  each group on each 
v a r ia b le .  Secondly , c o r r e la t io n s  were computed between i n i t i a l  sco res  
and g a in s  to  determ ine w hether to  use a n a ly s is  o f  v a rian ce  o r  co- 
v a r ia n c e . A nalysis o f  v a rian ce  u t i l i z i n g  a two by th re e  f a c t o r i a l  
d esig n  was computed to  determ ine th e  e f f e c t s  o f th e  p o s i t io n  a t  which 
each group e x e rc is e d , and any in te r a c t io n  between th e  type  o f  e x e rc is e  
program and p o s i t io n  o f e x e rc is e  f o r  s tr e n g th , speed o f movement, and 
endurance. A two by th re e  f a c t o r i a l  design  f o r  covariance  was employed 
in  th e  a n a ly s is  o f  re a c tio n  tim e perform ance.
I I .  THE SIGNIFICANCE OF THE MEAN GAINS OF THE SIX GROUPS IN STRENGTH, 
SPEED OF MOVEMENT, REACTION TIME AT THREE POSITIONS, AND ENDURANCE
The s ig n if ic a n c e  o f th e  mean ga in s in  s tre n g th  was determ ined  by
^"Henry E. G a r r e t t ,  S t a t i s t i c s  in  Psychology and E ducation ( f i f t h  
e d i t io n ;  New York: David McKay Company, In c . ,  19o2), p . 227.
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computing t - t e s t s  to  compare i n i t i a l  and f i n a l  t e s t  sco res fo r  each 
group. The same procedure was used to  determ ine th e  s ig n if ic a n c e  o f 
th e  mean g a in s  in speed o f movement, re a c tio n  time a t  th re e  p o s i t io n s , 
and endurance fo r  each o f th e  s ix  groups. In  each com parison, th e  
d if fe re n c e  method was u t i l i z e d  because o f th e  f a c t  th a t  th e  same 
su b je c ts  com prised both  s e ts  o f  sc o re s .
Comparison o f  I n i t i a l  and F in a l S tren g th  T est Scores
I t  can be seen in  Table I  th a t  th e  t - r a t i o  r e s u l t in g  from th e  
comparison o f th e  i n i t i a l  and f i n a l  s t a t i c  s tre n g th  sco res fo r  Group I ,  
th e  bottom  p o s it io n  iso m etric  group, was 8 .1 5 . The re q u ire d  t - r a t i o s  
f o r  17 (18-1) degrees o f freedom were found to  be 2.11 and 2.90 a t  th e  
.u5 and .01 le v e ls  o f  p ro b a b i l i ty ,  r e s p e c t iv e ly . Since th e  t  o f  8 .15 
was above the  2*90 r a t io  needed a t  th e  .01 le v e l  o f p ro b a b i l i ty ,  i t  
may be s ta te d  th a t  s t a t i c  s tre n g th  t r a in in g  on th e  Iso-M eton e x e rc is in g  
a t  th e  low est p o s i t io n  o f th e  supine p re s s ,  r e s u l te d  in  s ig n i f ic a n t  
improvements in s t re n g th .
Group I I ,  which ex e rc ised  is o m e tr ic a lly  in  th e  m iddle p o s i t io n ,  
had a mean ga in  o f 18.06 pounds from i n i t i a l  to  f i n a l  t e s t in g  in  s tre n g th . 
The r e s u l t in g  t - r a t i o  o f  8 .72 was w ell above th e  2.90 r a t io  needed a t  
th e  .01 le v e l  o f p ro b a b i l i ty .  Thus, i t  was a lso  concluded th a t  s t a t i c  
s tre n g th  t r a in in g  on th e  Iso-M eton a t  th e  m id -p o s itio n , which was th e  
low er l im i t  o f th e  m iddle t h i r d  of th e  range of m otion, re s u l te d  in  
s ig n i f ic a n t  improvements in  s tre n g th .
The mean gain  from th e  i n i t i a l  to  f i n a l  t e s t  sco res fo r  Group 
I I I ,  who tra in e d  is o m e tr ic a lly  on th e  Iso-M eton a t  th e  lower l im i t  o f
TABLE I
SIGNIFICANCE OF MEAN GAINS FOR THE 108 COLLEGE MEN IN THE SEC EXPERIMENTAL GROUPS 
PERFORMING THE TESTS FOR STRENGTH IN THE SUPINE PRESS
Group
I n i t i a l  
Mean 
N in  
Pounds












(Bottom, Isom etric )
18 123.33 143.05 19.72 2.42 8.15 .01
Group I I
(M iddle, Iso m e tric )
18 128.33 146.39 18.06 2.07 8.72 .01
Group I I I  
(Top, Isom etric )
18 121.39 136.95 15.56 2.24 6.95 .01
Group IV
(Bottom, Iso to n ic )
18 124.17 139.45 15.28 1.96 7.80 .01
Group V
(M iddle, Iso to n ic )
18 128.05 146.38 18.33 2.14 8 .5 7 .01
Group VI 
(Top, Iso to n ic )
18 117.22 135.28 18.06 2.22 8 .1 4 .01




the top third of the range of motion, was 15*56 pounds, which resulted 
in a t of 6.95* This was above the .01 level of probability and 
therefore also highly significant.
The t - r a t i o  r e s u l t in g  from th e  com parison o f  th e  i n i t i a l  and 
f i n a l  s t a t i c  s tre n g th  sco res  f o r  th e  s u b je c ts  in  Group IV, who ex e rc ised  
i s o to n ic a l ly  th roughou t th e  low est o n e - th ird  o f  th e  range o f  motion 
from th e  supine p re s s ,  was 7*80. 'This was w e ll above th e  2 .90  r a t i o  
needed a t  th e  .01 le v e l  o f  p ro b a b i l i ty .  C onsequently , i t  can be seen 
in  Table I ,  page 49 , th a t  is o to n ic  t r a in in g  a t  t h i s  p o s i t io n  r e s u l te d  
in  s ig n i f ic a n t  improvements in  s t re n g th .
Group V, the middle position isotonic group, had a mean gain of 
18.33 pounds, which resulted in a t of 8.57, which was significant 
beyond the .01 level of probability and thus indicated that training 
at the middle position of the range of motion with bar-bell and weights 
produced highly significant improvements in strength.
The mean ga in  f o r  Group VI, th e  to p  p o s i t io n  is o to n ic  grouft was 
18.06 pounds. The t - r a t i o  f o r  t h i s  group was 8 . 1 4 . T his was w e ll 
above th e  2.90 r a t i o  needed a t  th e  .01 le v e l  o f  p r o b a b i l i ty .  T h e re fo re , 
i t  may be s ta te d  t h a t  t r a in in g  through th e  to p  t h i r d  o f  th e  range of 
m otion in  th e  supine p re s s  w ith  b a r - b e l l  and w e ig h ts , produced s i g n i f i ­
can t improvements in  s t r e n g th .
The r e s u l t s  in  Table I ,  page 49 , show th a t  a l l  s ix  o f  th e  
ex p erim en ta l groups made h ig h ly  s ig n i f ic a n t  g a in s  in  s t r e n g th .
Comparison o f  I n i t i a l  and F in a l  Speed o f  Movement Test Scores
I t  can be seen in  Table I I  th a t  a com parison o f i n i t i a l  and f i n a l
TABLE I I
SIGNIFICANCE OF MEAN GAINS FOR THE 108 COLLEGE MEN IN THE SIX EXPERIMENTAL GROUPS 
PERFORMING THE TESTS FOR SPEED OF MOVEMENT IN THE SUPINE PRESS
Group N
I n i t i a l
Mean
in
F t./S e c .
F in a l
Mean
in










18 11.02 11.58 .56 .15 3.73 .01
Group I I
(M iddle, Isom etric)
18 10.93 11.64 • 71 .16 4.44 .01
Group 111 
(Top, Isom etric )
18 lu .4 4 11.06 .62 .12 5.17 .01
Group IV
(Bottom, Iso to n ic )
18 10.86 11.20 .34
1—1 • 2.27 .05
Group V
(M iddle, Iso to n ic )
18 10.85 11.37 .52 .19 2.74 .05
Group VI 
(Top. Iso to n ic )
18 10.59 11.19 .60 .12 5.00 .01
t  needed a t  .05 le v e l  = 2 .11 ; t  needed a t  .01 le v e l  = 2.90
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speed o f  movement t e s t  sco res  f o r  Group I ,  who t r a in e d  is o m e tr ic a lly  
on th e  Iso-M eton a t  th e  bottom  p o s i t io n  o f  th e  supine p re s s ,  was 3*73* 
This was above th e  2 .90 r a t i o  needed f o r  s ig n if ic a n c e  a t  th e  .01 le v e l  
o f p r o b a b i l i ty .  Thus, i t  can be seen th a t  t r a in in g  on th e  Iso-M eton 
a t  th e  bottom  p o s i t io n  produced s ig n i f ic a n t  improvements in  speed o f 
movement.
Group I I ,  which t r a in e d  is o m e tr ic a lly  on th e  Iso-M eton a t  th e  
p o s i t io n  th a t  rep re se n te d  th e  low er l im i t  o f th e  m iddle th i r d  o f  th e  
range o f  motion in  th e  supine p re s s  was found to  have made s ig n i f ic a n t  
g a in s  a t  th e  .01 le v e l  in  speed o f  movement, as r e f le c te d  by a t  o f 
4*44.
The t - r a t i o  r e s u l t in g  from comparing th e  i n i t i a l  and f i n a l  
speed o f  laovement sco res  fo r  Group I I I ,  which t r a in e d  is o m e tr ic a lly  
on th e  Iso-M eton a t  th e  low er l im i t  o f th e  to p  t h i r d  o f th e  range o f 
m otion, was 5*17- T his was above th e  2 .90 r a t io  needed a t  th e  .01 
le v e l  o f  p ro b a b i l i ty  and th u s  h ig h ly  s ig n i f ic a n t .
In Table I I ,  page 51, i t  can be seen th a t  th e  mean ga in  f o r
Group IV, which t r a in e d  is o to n ic a l ly  through  th e  bottom th i r d  o f  th e
range o f  m otion , r e s u l te d  in  a t  o f  2 .2 7 . This exceeded th e  2 .11 r a t io  
needed f o r  s ig n if ic a n c e  a t  th e  .05  le v e l  o f  p r o b a b i l i ty ,  bu t d id  n o t 
reach  th e  2.90 r a t i o  needed f o r  s ig n if ic a n c e  a t  th e  .01 le v e l  o f 
p ro b a b i l i ty .
Group V, th e  is o to n ic  group th a t  e x e rc ise d  th rough  th e  m iddle
t h i r d  o f  th e  range o f m otion, had a mean gain  o f  .52 f e e t  per second
and a t - r a t i o  o f  2 .7 4 . This was found to  be s ig n i f ic a n t  a t  th e  .05 
l e v e l ,  bu t no t a t  th e  .01 le v e l  o f  p ro b a b i l i ty .
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The t - r a t i o  r e s u l t in g  from comparing th e  i n i t i a l  and f i n a l  
sco res  fo r  Group VI, who t r a in e d  i s o to n ic a l ly  th rough  th e  to p  th i r d  o f 
th e  range o f  m otion , was 5 .00 . This was beyond th e  2 .90 r a t i o  needed 
f o r  s ig n if ic a n c e  a t  th e  .01 le v e l  o f p r o b a b i l i ty .  T h e re fo re , i t  may 
be s ta te d  t h a t  t r a in in g  is o to n ic a l ly  through  th e  to p  th i r d  o f  th e  
range o f  m otion d id  s ig n i f ic a n t ly  improve speed o f  movement.
The r e s u l t s  in  Table I I ,  page 51, in d ic a te  t h a t  a l l  s ix  o f  th e  
experim en ta l groups d id  make s ig n i f ic a n t  g a in s  in  speed o f  movement. 
However, th e  g a in s  in  speed o f movement fo r  Groups IV and V reached  
s ig n if ic a n c e  a t  th e  .05 le v e l  o n ly ; w hereas, a l l  o th e r  groups reached 
th e  .01 le v e l  o f  p ro b a b i l i ty .
Comparison o f I n i t i a l  and F in a l R eaction  Times a t  th e  Bottom P o s itio n
In Table I I I  i t  can be seen th a t  Group I ,  whose su b je c ts  t r a in e d  
is o m e tr ic a lly  a t  th e  bottom p o s i t io n ,  had a mean ga in  o f .017 seconds. 
This r e s u l te d  in  a t  o f  8 .0 , which was s ig n i f ic a n t  a t  th e  .01 le v e l  o f  
p r o b a b i l i ty ,  in d ic a t in g  th a t  t r a in in g  is o m e tr ic a lly  a t  th a t  p o s i t io n  
s ig n i f ic a n t ly  improved re a c tio n  tim e a t  th e  low est l im i t  o f th e  range 
o f  m otion in  th e  supine p re s s .
Group I I ,  th e  m iddle p o s i t io n  iso m e tric  g roup , had a  mean g a in  
in  speed o f  re a c t io n  o f  .02 seconds. T his re p re se n te d  a t - r a t i o  o f 
4 .17  which was s ig n i f ic a n t  a t  th e  .01 le v e l  o f  p r o b a b i l i ty .  T h ere fo re , 
i t  may be s ta te d  t h a t  t r a in in g  is o m e tr ic a lly  on th e  Iso-M eton a t  th e  
lower l im i t  o f  th e  m iddle t h i r d  o f  th e  range o f m otion d id  s ig n i f ic a n t ly  
Improve r e a c t io n  tim e as m easured a t  th e  bottom  o f  th e  range o f motion
i
in  th e  supine p r e s s .
TABLE I l J
SIGNIFICANCE OF MEAN GAINS FOR THE 1 0 8  COLLEGE HEN IN THE S IX  EXPERIMENTAL GROUPS
PERFORMING THE TESTS FOR REACTION TIME AS MEASURED AT THE BOTTOM PO SITIO N
OF THE RANGm OF MOTION iN  THE SUPINE PRESS
Group N















Group 1 18 
(Bottom, iso m etric )
.17 .15 .02 .0025 8 .0 .01
Group I I  18 
(K iddle, Iso m etric )
.16 .15 .01 .0024 4.17 .01
Group I I I  18 
(Top, Isom etric )
.17 .15 .02 .0032 6.25 .o l
Group IV 18 
(Bottom, Iso to n ic )
.17 .16 .01 .0024 4.17 .01
Group V 18 
(M iddle, Iso to n ic )
.17 .15 .02 .0030 6.67 .01
Group VI 18 
(Too. Iso to n ic )
.17 .15 .02 .0021 9.52 .01
t  needed a t  .05 le v e l =  2 .11 ; t  needed a t .01 le v e l  = 2 .9 0
The mean gain for Group III, who trained isometrically on the 
Iso-Meton at the lower limit of the top third of the range of motion 
was .017 seconds. This resulted in a t of 6.25 which was significant 
at the .01 level of probability.
It can be seen in  Table III, page 54, that Group IV, who 
trained isotonically through the bottom third of the range of motion, 
had a t of 4-17* Thus, it may be stated that training isotonically 
at the bottom  position did significantly improve reaction time as 
measured at the bottom of the range of motion.
The subjects in Group V trained isotonically through the middle 
third of the range of motion. The t-ratio for the mean gain in speed 
of reaction for this position was 6.67 and thus significant at the .01 
level of probability.
Group VI, whose subjects trained isotonically through the top 
third of the range of motion had a t of 9*52 for reaction time as 
measured at the bottom of the range of motion. This was well above 
the 2.90 ratio needed for significance at the .01 level of probability 
and was highly significant.
Comparison o f I n i t i a l  and F in a l  R eac tion  Times a t  th e  Middle P o s itio n
In Table IV it was evident that the mean gain resulting from the 
comparison of the initial and final reaction times at the lower limit 
of the middle third of the range of motion in the supine press for 
Group I ,  was .015 seconds. The required t-ratios for 17 degrees of 
freedom were found to be 2.11 and 2.90 at the .05 and .01 levels of 
probability, respectively. Since the of 6 .67 for Group I, which
TABLE IV
SIG N IFIC A N C E  OF KEAN G AINS FOR THE 1 0 8  COLLEGE MEN IN THE S I S  E X PE R M tN T A L  GROUPS
PERFORMING THE TESTS FOR REACTION TIME AS MEASURED AT THE MIDDLE PO SIT IO N
OF THE RANGE OF MOTION IN THm SU P IN E  PRmSS
Group
I n i t i a l  
Kean 
N in  
Seconds









D iffe re n ce
t P
Group 1
(Bottom , iso m e tr ic )
18 .17 .15 .02 .0030 6 .67 .01
Group I I
(K id d le , I so m e tr ic )
18 .17 .15 .02 .0021 S .34 .01
Group I I I  
(Top, Iso m e tr ic )
18 .16 .15 .01 .0024 4 .1 7 .01
Group IV
(Bottom , I s o to n ic )
18 .17 .16 .01 .0026 3 .8 5 .01
Group V
(M iddle, I s o to n ic )
18 .17 .16 .01 .0029 3 .4 5 .01
Group VI 
(Top. I s o to n ic )
18 .17 .15 .02 .0026 7 .69 .01
t  needed a t  .05 le v e l = 2 .1 1 ; t  needed a t .01 l e v e l  = 2 .9 0
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t r a in e d  is o m e tr ic a lly  on th e  Iso-M eton a t  th e  bottom  o f  th e  range o f 
m otion, was above th e  .01 l e v e l ,  i t  may be s ta te d  t h a t  t r a in in g  on th e  
Iso-M eton a t  th e  bottom p o s i t io n  d id  improve re a c t io n  tim e as measured 
a t  th e  low er l im i t  o f  th e  m iddle t h i r d  o f th e  range o f  m otion.
Group I I ,  th e  m iddle p o s i t io n  iso m etric  group, produced a mean 
g a in  o f .015 seconds in  r e a c t io n  t k e  as m easured a t  th e  m iddle 
p o s i t io n .  The computed t - r a t i o  was 8 .34  which was w e ll above th e  
re q u ire d  r a t i o  needed a t  th e  .01 le v e l  o f p r o b a b i l i ty .
The t  o f  4 .1 7  f o r  th e  mean ga in  o f  Group 111, which tr a in e d
is o m e tr ic a lly  a t  th e  low er l im i t  o f  th e  to p  t h i r d  o f  th e  range o f 
m otion in  th e  supine p re s s  was s ig n i f ic a n t  a t  th e  .01 le v e l .  Thus, 
i t  may be s ta te d  th a t  t r a in in g  on th e  Iso-M eton a t  th e  top  p o s i t io n  o f  
th e  range o f  motion improved re a c t io n  tim e as measured a t  th e  m iddle 
p o s i t io n  o f  th e  range o f  m otion.
I t  can be seen in  Table IV, page 56, th a t  Group IV, who t r a in e d  
i s o to n ic a l ly  through  th e  bottom t h i r d  o f  th e  range o f m otion, had a 
mean gain  o f  .014 seconds in  re a c tio n  tim e as measured a t  th e  low er
l im i t  o f th e  m iddle t h i r d  o f  th e  range o f m otion. The r e s u l ta n t  t
o f  3*85 was w e ll above th e  2.90 r a t i o  needed fo r  s ig n if ic a n c e  a t  th e  
.01 l e v e l .  T h e re fo re , i t  may be s ta te d  t h a t  t r a in in g  i s o to n ic a l ly  
through th e  low er o n e - th ird  o f  th e  range o f  m otion improved re a c t io n  
tim e as m easured a t  th e  m iddle p o s i t io n  o f  th e  range o f  m otion.
The mean g a in  fo r  Group V was .014. This r e s u l te d  in  a t  o f 
3 .4 5 . I t  was th e re fo re  e v id e n t t h a t  t r a in in g  is o to n ic a l ly  a t  th e  
low er l im i t  o f  th e  m iddle t h i r d  o f  th e  range o f  m otion a lso  r e s u l te d
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The mean ga in  in  re a c t io n  tim e f o r  Group VI r e s u l te d  in  a  t - r a t i o  
o f  7 .6 9 , which was h ig h ly  s ig n i f ic a n t  beyond th e  .01 l e v e l .  This 
in d ic a te d  th a t  t r a in in g  is o to n ic a l ly  th rough  th e  top  th i r d  o f  th e  range 
o f  m otion produced s ig n i f ic a n t  improvement in  re a c tio n  tim e a s  measured
a t  th e  m iddle p o s i t io n  o f th e  range o f m otion in  th e  supine p re s s .
Comparison o f I n i t i a l  and F in a l R eaction  Times a t  th e  Top P o s itio n
Table V shows th a t  Group I ,  whose su b je c ts  t r a in e d  on th e  I so -  
Meton a t  th e  bottom  p o s i t io n ,  had a mean ga in  o f .016 seconds in  
r e a c t io n  tim e as m easured a t  th e  low er l im i t  o f  th e  top  t h i r d  o f  th e  
range o f  motion in  th e  supine p re s s .  T his r e s u l te d  in  a t - r a t i o  o f 
7 .4 1 , which was h ig h ly  s ig n i f ic a n t  a t  th e  .01 le v e l  o f  p r o b a b i l i ty .
Thus, i t  may be s ta te d  th a t  t r a in in g  a t  th e  bottom  p o s i t io n  on th e  
Iso-M eton produced s ig n i f ic a n t  improvement in  r e a c t io n  tim e a s  measured 
a t  th e  low er l im i t  o f th e  to p  th i r d  o f  th e  range o f motion in  th e  supine 
p re s s .
Group I I  t r a in e d  on th e  Iso-M eton a t  th e  m iddle p o s i t io n  o f  th e  
range o f  motion and produced a t - r a t i o  o f  4*17, fo r  th e  mean g a in  o f 
.01  seconds in  th e  t e s t  o f  re a c t io n  a t  th e  h ig h e s t p o s i t io n .  This was 
s ig n i f ic a n t  a t  th e  .01 le v e l  o f  p r o b a b i l i ty .
The t - r a t i o  f o r  Group I I I ,  who t r a in e d  is o m e tr ic a lly  on th e
Iso-M eton a t  th e  low er l im i t  o f  th e  to p  t h i r d  o f  th e  range o f  m otion, 
was 5*71. Since th e  t  f o r  t h i s  group su rpassed  th e  t  r a t i o  needed fo r  
s ig n if ic a n c e  a t  th e  .01 l e v e l ,  i t  was shown th a t  t r a in in g  a t  th e  top  
p o s i t io n  on th e  Iso-M eton produced s ig n i f ic a n t  improvement in  re a c tio n
TABLE V
SIG N IF IC A N C E  OF MEAN G A IN S FOR THE 1 0 8  CO LLiCE KEN IN  THE S I X  EXPERIMENTAL GROUPS
PERFORMING THE TESTS FOR REACTION TIME AS MEASURED AT THE TOP PO SIT IO N
OF THE RANGE OF MOTION IN THE SU P IN E  PR ESS
Group
I n i t i a l  
Mean 
N in  
Seconds









D iffe re n c e
t P
Group I
(Bottom , Iso m e tr ic )
18 .17 .15 .02 .0027 7 .41 .01
Group 11
(M iddle, Iso m e tr ic )
18 .17 .16 .01 .0024 4 .17 .01
Group I I I  
(Top, Iso m e tr ic )
18 .17 .15  .02 .0035 5.71 .01
Group IV
(Bottom , I s o to n ic )
18 .17 .15 .02 .0025 8 .00 .01
Group V
(M iddle, I s o to n ic )
18 .17 .15  .02 .0030 6 .67 .01
Group VI 
(Top. I s o to n ic )
18 .17 .15 .02 .0027 7 .a .01
t  needed a t  .05 l e v e l = 2 .1 1 ; t  needed a t  .01 l e v e l  = 2 .90
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tim e as m easured a t  th e  low er l im i t  o f th e  to p  t h i r d  o f th e  range o f 
m otion in  th e  sup ine  p re s s .
In  Table V, page 59, i t  can be seen th a t  Group IV had a mean
g a in  o f  .015 seconds in  re a c tio n  tim e as measured a t  th e  to p  p o s i t io n
o f  th e  range o f  m otion. This r e s u l te d  an a t  o f  8 .0  f o r  Group IV, 
whose s u b je c ts  t r a in e d  i s o to n ic a l ly  th rough  th e  bottom  th i r d  o f  th e  
range o f  m otion , which was s ig n i f ic a n t  a t  th e  .01 le v e l  o f  p r o b a b i l i ty .
The t - r a t i o  f o r  th e  gain  in  speed o f re a c t io n  a t  th e  h ig h e s t 
p o s i t io n  fo r  Group V, th e  m iddle p o s i t io n  is o to n ic  group , was 6 .6 7 .
This was a lso  s ig n i f ic a n t  a t  th e  .01 l e v e l .
Group VI t r a in e d  i s o to n ic a l ly  through th e  top  th i r d  o f  th e  range
o f  motion in  th e  supine p re s s  and th e  mean ga in  o f  .017 seconds in
re a c tio n  tim e a s  measured a t  th e  to p  p o s i t io n  o f  th e  range o f  motion 
produced a t - r a t i o  o f  7 -41 . This was s ig n i f ic a n t  a t  th e  .01 le v e l  o f 
p ro b a b i l i ty .
The r e s u l t s  in  T ables 111, IV, and V (pages 54, 56, and 59, 
re s p e c t iv e ly )  c le a r ly  in d ic a te  t h a t  a l l  groups made s ig n i f ic a n t  g a in s  
in  r e a c t io n  tim e as m easured a t  th e  bottom , m idd le , and top  p o s i t io n s  
re g a rd le s s  o f  th e  t r a in in g  method employed.
Comparison o f  I n i t i a l  and F in a l Endurance Scores
In Table VI, Group I ,  th e  bottom p o s i t io n  iso m e tric  group , had 
a t - r a t i o  o f  3*52. This met th e  t e s t  o f s ig n if ic a n c e  a t  th e  .01 le v e l  
o f p r o b a b i l i ty .  A mean g a in  o f  3 .0 6  r e p e t i t io n s  in  th e  endurance t e s t  
was produced by t h i s  group. T h e re fo re , i t  was seen th a t  t r a in in g
TABLE V I
SIGNIFICANCE OF KEAN GAINS FDR THE 108 COLLEGE Mr® IN THE SIX EXPERIMENTAL GROUPS 
PERFORMING THE TESTS FOR ENDURANCE B! THE SUPINE PRESS
Group N
I n i t i a l  
Kean in  
R e p e titio n s
F in a l 
Kean in  






D iffe rence t P
Group I
(Bottom, Iso m etric )
18 23.06 26.12 3.06 .87 3 .52 .01
Group I I
(M iddle, Iso m etric )
18 24.00 26.78 2.78 .58 4.79 .01
Group I I I  
(Top, Iso m etric )
18 24.22 28.28 4 .06 1 .04 3.90 .01
Group IV
(Bottom, is o to n ic )
18 24.06 28.34 4.28 .55 7.78 .01
Group V
(K iddle, Iso to n ic )
18 25-00 29.78 4.78 1.02 4.69 .01
Group VI 
(Top, Iso to n ic )
18 22.89 27.50 4 .6 1 1.00 4.61 .01
t  needed a t  .05 le v e l  = 2 .1 1 ; t  needed a t  .01 le v e l  = 2 .90
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is o m e tr ic a lly  on th e  Iso-M eton a t  th e  bottom  p o s i t io n  d id  s ig n i f ic a n t ly  
improve m uscular endurance.
The t - r a t i o  r e s u l t in g  from comparing th e  i n i t i a l  and f i n a l  sco res  
f o r  Group I I ,  who t r a in e d  is o m e tr ic a lly  on th e  Iso-M eton a t  th e  m iddle 
p o s i t io n ,  was 4 .7 9 . T his was a lso  above th e  2.9G r a t i o  needed fo r  
s ig n if ic a n c e  a t  th e  .01 le v e l  o f  p ro b a b i l i ty  and showed th a t  t r a in in g  
on th e  Iso-M eton a t  th e  low er l im i t  o f  th e  m iddle t h i r d  o f th e  range o f 
m otion in  th e  supine p re s s  produced s ig n i f ic a n t  improvements in  th e  t e s t  
f o r  endurance.
Group I I I ,  th e  to p  p o s i t io n  iso m etric  group, had a mean in c re a se  
o f  4 .06  r e p e t i t io n s  in  th e  t e s t  fo r  endurance. The r e s u l ta n t  t - r a t i o  
o f  3*90 was s ig n i f ic a n t  a t  th e  .01 le v e l  o f p ro b a b i l i ty .
In  Table VI, page 6 l ,  i t  can be seen th a t  th e  t - r a t i o  r e s u l t in g  
from th e  comparison o f  th e  i n i t i a l  and f i n a l  endurance sco res  fo r  
Group IV was 7 .7 8 . S ince t h i s  t - r a t i o  was w e ll above th e  t  needed a t  
th e  .01 le v e l  o f p r o b a b i l i ty ,  i t  may be s ta te d  t h a t  t r a in in g  i s o to n ic a l ly  
th rough  th e  bottom  t h i r d  o f th e  range o f  m otion in  th e  sup ine  p re ss  
produced s ig n i f ic a n t  improvements in  th e  t e s t  f o r  endurance.
Group V, th e  m iddle p o s i t io n  is o to n ic  group, r e a l iz e d  a mean 
ga in  o f  4.7S r e p e t i t i o n s .  The computed t - r a t i o  o f 4 .6 9  was h ig h ly  
s ig n i f ic a n t  and in d ic a te d  th a t  t r a in in g  i s o to n ic a l ly  through  th e  m iddle 
t h i r d  o f  th e  range o f  m otion improved endurance in  th e  supine p re s s .
The t - r a t i o  o f 4-61 f o r  th e  g a in  in  r e p e t i t io n s  made by th e  
su b je c ts  in  Group VI su rpassed  th e  needed t - r a t i o  a t  th e  .01 le v e l  o f 
p r o b a b i l i ty .  T h e re fo re , i t  may be s ta te d  th a t  t r a in in g  is o to n ic a l ly
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th rough  th e  to p  t h i r d  o f th e  range o f m otion in  th e  supine p re s s  
produced s ig n i f ic a n t  improvements in  th e  t e s t  fo r  endurance.
In summary, i t  i s  c le a r ly  e v id e n t in  Table V I, page 6 l ,  th a t  
a l l  s ix  ex p erim en ta l groups made s ig n i f ic a n t  g a in s  in  m uscular endurance 
in  th e  supine p r e s s .  This was t r u e  w ith  both th e  iso m e tr ic  and 
is o to n ic  t r a in in g  program s, re g a rd le s s  o f th e  t r a in in g  p o s i t io n  w ith in  
th e  range o f  m otion.
I I I .  ANALYSE OF VARIANCE AND COVARIANCE
For s t r e n g th ,  speed o f  movement, and endurance an a n a ly s is  o f 
v a ria n c e  u t i l i z i n g  a two by th re e  f a c t o r i a l  design  was used to  determ ine 
i f  th e re  were s ig n i f ic a n t  d if f e re n c e s  among th e  groups a s  a r e s u l t  o f  
th e  iso m e tric  and is o to n ic  t r a in in g  program s, which served  as th e  two 
le v e ls  o f B. I t  a ls o  showed i f  s ig n i f ic a n t  d if f e re n c e s  e x is te d  among 
th e  groups a s  a r e s u l t  o f  t r a in in g  a t  th e  bottom , m idd le , and to p  
p o s i t io n s ,  which served  a s  th e  th re e  l e v e l s  o f  A. T his s t a t i s t i c a l  
p rocedure  a lso  in d ic a te d  i f  in te r a c t io n  was p re s e n t between le v e ls  A 
and B. I f  no in te r a c t io n  was p re s e n t i t  meant t h a t  th e  d if fe re n c e  
between th e  two t r a in in g  program s was uniform  a t  each o f  th e  th re e  
p o s i t io n s  o f  e x e rc is e .  R eaction  tim e , a s  measured a t  th e  bottom  
p o s i t io n  and th e  low er l im i t s  o f  th e  m iddle and to p  th i r d  o f  th e  range 
o f m otion, was t r e a te d  s t a t i s t i c a l l y  by use o f  a n a ly s is  o f covariance  
w ith a two by th re e  f a c t o r i a l  d e s ig n . On e s ta b l is h in g  w hether to  use 
a n a ly s is  o f v a ria n ce  o r c o v a rian c e , c o e f f ic ie n t s  o f  c o r r e la t io n  were 
computed between th e  i n i t i a l  sco res  and amount o f  ga in  f o r  each
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v a r ia b le .  I f  a r e l a t i v e ly  h igh  r e la t io n s h ip  e x is te d ,  t h i s  meant th a t  
th e  f i n a l  sco re  v a lu es  were co n sid e ra b ly  a f fe c te d  by th e  i n i t i a l  
s c o re s . I f  a  c o r r e la t io n  o f  +  .50 or above e x is te d  between i n i t i a l  
sco res  and g a in s , th en  i t  was ev id en t th a t  tw e n ty -f iv e  p e r cen t o r 
more o f th e  f i n a l  s c o re s ' v a r i a b i l i t y  was due to  i n i t i a l  s ta tu s .  When 
t h i s  o ccu rred , th en  covariance  was in d ic a te d  in  th e  trea tm e n t o f  th e  
d a ta  in  o rd e r  to  s t a t i s t i c a l l y  equate  th e  g roups.
I f  a c o r r e la t io n  o f below + .50 e x is te d ,  th e n  a n a ly s is  o f  
v a rian ce  was th e  a p p ro p r ia te  s t a t i s t i c a l  to o l  needed. I t  would be 
d isadvan tageous to  use covariance  under t h i s  c o n d itio n  because o f a 
la rg e r  mean square in  th e  e r r o r  terra brought about by th e  lo s s  o f  an 
a d d it io n a l  degree o f  freedom fo r  th e  w ith in  v a ria n c e .
The c o e f f ic ie n t s  o f c o r r e la t io n  between th e  i n i t i a l  sco res  and 
g a in s  f o r  s t r e n g th ,  speed o f movement, and endurance were a l l  w ell 
below +  .50 ; th u s ,  a n a ly s is  o f  v a rian ce  was used . For re a c tio n  tim e 
a t  th e  bottom  p o s i t io n ,  th e  m iddle p o s i t io n ,  and th e  top  p o s i t io n  of 
th e  range o f m otion, th e  c o e f f ic ie n t s  o f c o r r e la t io n  were above + . 50 ; 
co n seq u en tly , a n a ly s is  o f  co v arian ce  was used .
A nalysis  o f  V ariance fo r  S tre n g th  Test Scores
In Table V II, th e  r e s u l t s  o f  Level A o f  th e  f a c t o r i a l  design  f o r  
s tre n g th  in  th e  supine p re s s  showed an F o f  .21 which was no t s i g n i f i ­
c a n t. To be s ig n i f ic a n t ,  th e  F - r a t io s  needed w ith  2 and 102 degrees o f 
freedom were 3*09 a t  th e  .05  l e v e l  o f p r o b a b i l i ty ,  and 4.B2 a t  th e  .01 
l e v e l .  This F - r a t io  o f .21 in d ic a te d  th a t  th e re  were no s ig n i f ic a n t
TABLE VII
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ANALYSIS OF VARIANCE ON STRENGTH GAINS MADE IN THE SUPINE PRESS 
BY 108 COLLEGE MEN IN THE SIX EXPERIMENTAL GROUPS
Source of Variation SS DF MeanSquare F-Ratio P
A 35 OA * 17.5 .21 N.S.
B 8 1 8 . .09 N.S.
A x B 226 2 *c»"\i—1 r—1 1.33 N.S.
Error 8656 102 84.86
Total 8925 107
A =■ Effects of positions
B = Effects of types of training exercises 
A x B = Interaction between A and B
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d if fe re n c e s  produced among groups as a r e s u l t  o f  t r a in in g  a t  th e  bottom , 
m idd le , o r  to p  th i r d  o f  th e  range o f  motion in  th e  supine p re s s .
The F - r a t io  f o r  Level B, re p re se n tin g  th e  two ty p es  of t r a in in g ,  
was .0 9 . With 1 and 102 deg rees o f freedom , th e  F - r a t io s  needed fo r  
s ig n if ic a n c e  were 3«94 and 6 .90  a t  th e  .05 and .01 le v e ls  o f p ro b a b il­
i t y ,  r e s p e c t iv e ly .  No s ig n i f ic a n t  d if f e re n c e s  e x is te d  among groups 
a s  a r e s u l t  o f  th e  iso m etric  and iso to n ic  e x e rc is e  programs even 
though a l l  groups made s ig n i f ic a n t  g a in s .
The in te r a c t io n  o f  A x  B w ith  2 and 102 deg rees o f  freedom 
rece iv ed  an F - r a t io  o f  1.33 which was n o t s ig n i f i c a n t .  T his meant 
th e re  was no in te r a c t io n  between Level A, re p re s e n tin g  th e  th re e  
t r a in in g  p o s i t io n s ,  and Level B, re p re se n tin g  th e  iso m etric  and is o to n ic  
t r a in in g  program s.
A naly sis  o f V ariance f o r  Speed o f  Movement T est Scores
I t  can be seen in  Table V III th a t  Level A, re p re se n tin g  th e  th re e  
t r a in in g  p o s i t io n s ,  produced an F - r a t io  o f .78 which was no t s ig n i f ic a n t .  
The F - r a t io s  o f  3*09 and 4 .82  were needed f o r  s ig n if ic a n c e  a t  th e  .05 
and .01 l e v e l  o f  p r o b a b i l i ty ,  r e s p e c t iv e ly .  T h ere fo re , i t  may be s ta te d  
t h a t  th e re  were no s ig n i f ic a n t  d if f e re n c e s  among groups in  speed o f  
movement a s  a r e s u l t  o f  th e  th re e  t r a in in g  p o s i t io n s .
The F - r a t io  f o r  Level B, re p re se n tin g  th e  iso m e tric  versus th e  
is o to n ic  t r a in in g  program , was 1 .3 9 . To be s ig n i f i c a n t ,  th e  F - r a t io s  
needed w ith  1 and 102 deg rees o f freedom were 3 .94  a t  th e  .05 le v e l  o f  
p r o b a b i l i ty ,  and 6.90 a t  the  .01 le v e l .  The r e s u l t in g  F - ra t io  o f 1 .39
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TABLE VIII
ANALYSIS OF VARIANCE ON SPEED OF MOVEMENT GAINS MADE BY 108 COLLEGE
MEN IN THE SIX TRAINING GROUPS
Source o f  
V ariation SS DF
Mean
Square F-Ratio P
A .63 2 • 32 .78 N.S.
B .57 1 .57 1.39 N.S.
A x B
CM• 2 .12 .29 N.S.
Error a . 66 102 . a
Total 43.09 107
A = E ffec ts  o f  p o s it io n s
B = e f f e c t s  o f  types o f tra in in g  e x er c ise s  
A x  B = In teraction  between A and B
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d id  no t reach  e i t h e r  o f  th e se  l e v e ls  and, th e r e fo re ,  was n o t s ig n i f ic a n t .  
Thus, i t  may be s ta te d  th a t  th e re  were no s ig n i f ic a n t  d if fe re n c e s  
between th e  two t r a in in g  program s in  speed o f  movement sc o re s .
I n te ra c t io n  e f f e c t s ,  o r  A x  B, produced an F - r a t io  o f  .29 .
T his d id  n o t reach  th e  F o f 3 .09  needed f o r  s ig n if ic a n c e  a t  th e  .05 
l e v e l  o f p r o b a b i l i ty .  C onsequently , i t  was ev id en t t h a t  th e re  was no 
in te r a c t io n  between L evel A, re p re s e n tin g  th e  t r a in in g  p o s i t io n ,  and 
Level B, re p re s e n tin g  th e  ty p e  o f t r a in in g  program .
A naly sis  o f C ovariance fo r  R eac tion  Time T est Scores a t  th e  Bottom, 
M iddle, and Top P o s itio n s
A naly sis  o f  covariance  making use o f  a two by th re e  f a c t o r i a l  
desig n  was used  to  analyze  th e  d a ta  f o r  r e a c t io n  tim e a s  m easured a t  
th e  bottom , lower l im i t  o f  th e  m iddle t h i r d ,  and low er l im i t  o f  th e  to p  
t h i r d  o f  th e  range o f  m otion in  th e  supine p re s s .  T his was brought 
about by th e  h igh  r e la t io n s h ip  between i n i t i a l  sco res  and g a in s , th u s , 
making i t  n e ce ssa ry  to  s t a t i s t i c a l l y  equate  th e  g roups.
The F - r a t io  found fro:*: an a n a ly s is  o f  r e a c t io n  tim e a s  measured 
a t  th e  bottom  p o s i t io n  in d ic a te d  th a t  no s ig n i f ic a n t  d if f e re n c e s  
e x is te d  as a r e s u l t  o f  th e  t r a in in g  p o s i t io n s .  As shown in  Table IX, 
th e  F - r a t io  was 0 and, th e r e f o r e ,  n o t s ig n i f i c a n t .  With 2 and 101 
deg rees o f  freedom , 3-09 was needed f o r  s ig n if ic a n c e  a t  th e  .05 le v e l  
o f p r o b a b i l i ty  and 4 .82  was needed fo r  th e  .01 le v e l .
For le v e l  B, th e  F - r a t io  was aga in  0 and, co n seq u en tly , no t 
s i g n i f i c a n t .  T his le v e l  had 1 and 101 deg rees o f  freedom and th e  needed
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TABLE EC
ANALYSIS OF COVARIANCE ON REACTION TIME PERFORMANCE MEASURED 
AT THREE POSITIONS WITHIN THE RANGE OF MOVEMENT FOR 108 
COLLEGE MEN IN THE SIX EXPERIMENTAL GROUPS
P o sit io n






Reaction time A 2 0 0 0 N.S.
a t the bottom
p o s it io n B 1 0 0 0 N.S.
A x  B 2 .00017 .000085 1.63 N.S.
Error 101 .0053 .000052
R eaction time A 2 0 0 0 N.S.
at the middle
p o s it io n B 1 0 0 0 N.S.
A x  B 2 0 0 0 N.S.
Error 101 ,0062 .000061
Reaction time A 2 0 0 0 N.S.
at th e  top
p o s it io n B 1 0 0 0 N.S.
A x B 2 0 0 0 N.S.
Error 101 .0089 .000088
A = E f fe c ts  o f  p o s i t io n s  
B = E f fe c ts  o f ty p e s  o f t r a in in g  e x e rc is e s  
A x  B = In te r a c t io n  between A and B
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F - r a t io s  were 3 .9 4  and 6 .90  f o r  s ig n if ic a n c e  a t  th e  .05 and .01 le v e ls  
o f  p r o b a b i l i ty ,  r e s p e c t iv e ly .  The r e s u l ta n t  F - r a t io  f o r  t h i s  le v e l  
made i t  e v id e n t t h a t  no s ig n i f ic a n t  d if f e re n c e s  e x is te d  between th e  
iso m e tr ic  and is o to n ic  t r a in in g  program s.
An F - r a t io  o f  1.63 was found f o r  L evel A x  B. With 2  and 101 
deg rees o f freedom , th e  F - r a t io  needed fo r  s ig n if ic a n c e  a t  th e  .05 
le v e l  o f  p r o b a b i l i ty  was 3 .0 9 . S ince th e  F - r a t io  o f  1 ,63 d id  no t meet 
t h i s  t e s t ,  i t  was d e c la red  no t s ig n i f ic a n t .  T his meant t h a t  th e re  was 
no in te r a c t io n  between th e  ty p es  o f  t r a in in g  and th e  p o s i t io n s  o f 
e x e rc is e .
I t  i s  shown in  Table IX, page 69 , t h a t  L evels A, B, and A x  B 
produced F - r a t io s  o f 0 f o r  r e a c t io n  tim e as measured a t  th e  low er 
l im i t  o f  th e  m iddle t h i r d  o f  th e  range o f m otion . T his meant t h a t  no 
s ig n i f ic a n t  d if f e re n c e s  e x is te d  among groups as a r e s u l t  o f  th e  t r a i n ­
ing p o s i t io n s ;  th a t  no s ig n i f ic a n t  d if f e r e n c e s  e x is te d  among groups as 
a  r e s u l t  o f  th e  iso m e tric  and is o to n ic  t r a in in g  program s; and th a t  no 
in te r a c t io n  between L evels A and B was p re s e n t .
F - r a t io s  o f  0 were produced f o r  L evels A, B, and A x  B f o r  
r e a c t io n  tim e as m easured a t  th e  low er l im i t  o f th e  to p  t h i r d  o f th e  
range o f  m otion a ls o .  This made i t  ev id en t t h a t  no s ig n i f ic a n t  
d if f e re n c e s  e x is te d  among groups due to  th e  t r a in in g  p o s i t io n s  and among 
groups a s  a r e s u l t  o f  th e  two ty p e s  o f  t r a in in g .  A lso , i t  in d ic a te d  
th a t  no in te r a c t io n  was p re s e n t  between L evels A and B.
A n a ly sis  o f  V ariance fo r  Endurance T est Scores
As shown in  Table X, Level A, re p re se n tin g  th e  th re e  t r a in in g  
p o s i t io n s ,  produced an F - r a t io  o f  .3 3 . With 2 and 102 deg rees o f
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TABLE X
ANALYSIS OF VARIANCE ON ENDURANCE GAINS MADE IN THE SUPINE PRESS 
BY 108 COLLEGE MEN IN THE SIX EXPERIMENTAL GROUPS
Source o f  
V ariation SS DF
Mean
Square F-Ratio P
A 9 2 4 .5 .33 N.S.
B 42 1 42.0 3 .10 N.S.
A x  B 10 2 5.0 .37 N.S.
Error 13B3 102 13.55
Total 1444 107
A = E ffe c ts  o f  p o s itio n s
B = E ffe c ts  o f  types o f tra in in g  e x er c ise s  
A x  B = In teraction  between A and B
freedom, th is  F -ra tio  was not s ig n if ic a n t  because i t  did not reach the  
needed F o f  3*^9 fo r  s ig n if ic a n c e  a t the .05 le v e l  o f  p ro b a b ility . 
Consequently, i t  may be sta ted  th at no s ig n if ic a n t  d iffe re n c es  among 
groups were evidenced as a r e su lt  o f the three tra in in g  p o s it io n s .
The F -ra tio  o f Level B was 3*10, which did not reach the F 
needed for  s ig n if ica n ce  at the .05 le v e l ,  which was 3.94* Therefore, 
i t  may be sta ted  th at no s ig n if ic a n t  d iffe re n c es  occurred in endurance 
t e s t  scores between the groups u t i l iz in g  isom etric  e x er c ise s  and those  
using iso to n ic  e x e r c ise s .
L evel A x  B, which re p re se n te d  in te r a c t io n  between th e  two 
l e v e l s ,  had an F - r a t io  o f  .37* With 2 and 102 deg rees o f freedom , 3 .09  
was needed f o r  s ig n if ic a n c e  a t  th e  .05 le v e l  o f  p ro b a b i l i ty  and 4*82 
was needed a t  th e  .01 l e v e l .  Thus, i t  may be s ta te d  th a t  no in te r a c t io n  
e x is te d  between th e  two l e v e l s ,  A and B.
CHAPTER V
SUMMARY, FINDINGS, AND CONCLUSIONS
I .  SUMMARY
I t  was th e  purpose o f t h i s  study to  compare th e  e f f e c t s  o f 
iso to n ic  e x e rc is e s , u t i l i z i n g  th e  bottom , m iddle, and to p  th i r d  o f 
a f u l l  range o f motion in  th e  supine p re s s ,  w ith th e  e f f e c ts  o f 
iso m etric  e x e rc is e s , in  th re e  corresponding p o s i t io n s , on the  develop­
ment o f s tre n g th , speed o f movement, re a c tio n  tim e as measured a t  
th re e  p o s i t io n s ,  and endurance.
The su b je c ts  f o r  t h i s  study were 108 male c o lle g e  freshmen 
and sophomore s tu d e n ts  between th e  ages o f e ig h teen  and tw enty who 
were e n ro lle d  in  p h y s ic a l education  c la s s e s  a t  L ouisiana S ta te  U n iv e rs ity  
in  A lexandria , L o u is ian a . The su b je c ts  were randomly d iv id ed  in to  s ix  
t r a in in g  groups of e ig h teen  su b je c ts  each: ( l )  Group X, t r a in e d  
iso m e tr ic a lly  on th e  Iso-M eton a t  th e  bottom p o s it io n  o f th e  range of 
motion in  th e  supine p re s s ;  (2) Group I I ,  t r a in e d  iso m e tr ic a lly  on th e  
Iso-Meton a t  th e  low er l im i t  o f  th e  m iddle th i r d  o f th e  range o f  motion 
in  th e  supine p re s s ;  (3) Group T il ,  t r a in e d  is o m e tr ic a lly  on th e  
Iso-Meton a t  th e  low er l im i t  o f th e  to p  th i r d  o f  th e  range o f m otion;
(4) Group IV, t ra in e d  is o to n ic a l ly  w ith b a r -b e l l  and w eights bu t only 
through th e  bottom th i r d  o f th e  range o f motion in  th e  supine p re s s ;
(5) Group V, t r a in e d  is o to n ic a l ly  through the  m iddle th i r d  of th e
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range o f m otion; and (6) Group VI, tr a in e d  is o to n ic a l ly  through th e  top  
th i r d  o f  th e  range o f motion in  th e  supine p re s s .
At the  beginning  o f  th e  experim ent, a l l  su b je c ts  were te s te d  
fo r  s t a t i c  s tre n g th , speed o f movement, re a c tio n  tim e a t  th re e  
p o s i t io n s ,  and endurance in  th e  supine p re s s .  At th e  end o f f iv e  
weeks o f t r a in in g ,  f i l l  su b je c ts  were r e te s te d  in  an e f f o r t  to  determ ine 
w hether o r  no t s ig n if ic a n t  changes occu rred  in  th e  q u a l i t i e s  being 
te s te d .
The form ula f o r  the comparison o f  c o rre la te d  means was used 
to  determ ine th e  s ig n if ic a n c e  o f th e  d if fe re n c e  between i n i t i a l  and 
f i n a l  means on th e  development o f s t a t i c  s tre n g th , speed o f  movement, 
re a c tio n  tim e as measured a t  th re e  p o s i t io n s ,  and endurance. An 
a n a ly s is  o f  v a rian ce  u t i l i z in g  a two by th re e  f a c to r i a l  design  was 
used to  see i f  s ig n i f ic a n t  d if fe re n c e s  e x is te d  among groups as a 
r e s u l t  o f  th e  iso to n ic  and iso m etric  t r a in in g  programs and th e  th re e  
t r a in in g  p o s i t io n s  on s tre n g th , speed o f  movement, and endurance. An 
a n a ly s is  o f  covariance u t i l i z i n g  a two by th re e  f a c t o r i a l  design  was 
used to  see i f  s ig n i f ic a n t  d if fe re n c e s  e x is te d  among groups as a 
r e s u l t  o f  th e  two t r a in in g  programs and th e  th re e  t r a in in g  p o s i t io n s  
on re a c tio n  tim e as measured a t  th re e  p o s i t io n s  w ith in  th e  range of 
m otion. The f a c to r i a l  design  in  both an a ly ses o f v a rian ce  and 
covariance  p e rm itted  th e  in vest! g a to r  to  determ ine w hether th e re  
were any in te ra c t io n  e f f e c ts  between Level A, re p re se n tin g  the  
iso to n ic  and iso m etric  t r a in in g  program s, and Level B, re p re se n tin g  
th e  bottom , m iddle , and top  t r a in in g  p o s i t io n s .
I I .  FINDINGS
75
The f in d in g s  o f t h i s  study  were as fo llo w s:
1. A ll s ix  groups showed s ig n if ic a n t  s tre n g th  g a in s a t  th e  .01
le v e l  o f  p ro b a b i l i ty .
2 . When th e  groups were compared, no s ig n i f ic a n t  d if fe re n c e s
were found among groups due to  th e  is o to n ic  and isom etric  
t r a in in g  programs o r  th e  th re e  t r a in in g  p o s it io n s  in  
s t a t i c  s tre n g th  perform ance. A lso , no in te ra c t io n  between 
th e  two t r a in in g  programs and th e  th re e  t r a in in g  p o s it io n s  
was found.
3 . The s ix  experim ental groups showed s ig n if ic a n t  ga in s in
speed o f movement.
4 . On comparing th e  groups, no s ig n i f ic a n t  d if fe re n c e s  occurred
between th e  iso to n ic  and iso m etric  t r a in in g  programs in  
speed o f movement t e s t  s c o re s , nor among th e  th re e  
t r a in in g  p o s i t io n s .  There was no in te ra c t io n  between th e  
two t r a in in g  programs and th e  th re e  e x e rc is e  p o s i t io n s .
5. The s ix  t r a in in g  groups made s ig n i f ic a n t  g a in s in  re a c tio n
tim e as measured a t  th e  bottom p o s i t io n  o f  th e  range o f 
m otion in  th e  supine p re s s  a t  th e  ,01 le v e l  o f p ro b a b i l i ty .
6. I t  was revea led  th a t  no s ig n i f ic a n t  d if fe re n c e s  e x is te d
among groups as a r e s u l t  o f  th e  iso to n ic  and isom etric  
t r a in in g  programs o r  th e  th re e  t r a in in g  p o s it io n s  in  
re a c tio n  tim e a t  th e  bottom p o s i t io n  o f th e  range of m otion.
No in te r a c t io n  was produced between th e  is o to n ic  and 
iso m e tr ic  t r a in in g  program s and th e  th r e e  t r a in in g  p o s i­
t io n s .
7. A ll t r a in in g  groups made s ig n i f ic a n t  g a in s  in  re a c tio n  tim e
as  m easured a t  th e  m iddle p o s i t io n  o f  th e  range o f  m otion 
in  th e  supine p re s s  a t  th e  .01 le v e l  o f  p ro b a b i l i ty .
8 . When th e  groups were compared, no s ig n i f ic a n t  d if f e re n c e s  in
r e a c t io n  tim e a t  th e  m iddle p o s i t io n  were found among 
groups due to  th e  is o to n ic  and iso m e tr ic  t r a in in g  programs 
o r  th e  th re e  t r a in in g  p o s i t io n s .  There was no in te r a c t io n  
between th e  t r a in in g  programs and th e  t r a in in g  p o s i t io n s .
9. S ig n if ic a n t  g a in s  a t  th e  .01 le v e l  o f  p ro b a b i l i ty  were made
by a l l  groups in  re a c t io n  tim e as measured a t  th e  to p  
p o s i t io n  o f  th e  range of m otion in  th e  supine p re s s .
10. No s ig n i f ic a n t  d if f e re n c e s  e x is te d  among groups due to  th e
is o to n ic  and iso m e tric  t r a in in g  program s in  re a c tio n  tim e 
a t  th e  to p  p o s i t io n  o f th e  range o f  m otion. As in  th e  
o th e r  f in d in g s , th e re  were no s ig n i f ic a n t  d if fe re n c e s  
n o ted  among groups due to  th e  th re e  t r a in in g  p o s i t io n s  
and no in te r a c t io n  was p re s e n t .
11. A ll s ix  groups made s ig n i f ic a n t  g a in s  in  m uscular endurance
in  th e  supine p re s s .
12. When th e  groups were compared, no s ig n i f ic a n t  d if fe re n c e s
e x is te d  in  endurance t e s t  sco res  because o f  th e  type  o f 
t r a in in g  program o r  th e  t r a in in g  p o s i t io n .  There was no
In teraction  e f f e c t  between the two tra in in g  programs and 
the three p o s itio n s  o f  e x e r c ise .
111. CONCLUSIONS
Isom etric and iso to n ic  strength  tra in in g  are equally  
e f f e c t iv e  in  bringing about s ig n if ic a n t  ga ins in stren gth , 
speed o f  movement, rea c tio n  tim e and muscular endurance.
Apparently, no advantage i s  gained by tra in in g  w ithin a 
cer ta in  segment o f  the range o f  motion o f  the desired  
movement. S ig n if ic a n t  gains in  stren gth , speed o f  move­
ment, reaction  tim e, and muscular endurance are rea lized  
by e x er c is in g  at any p o s it io n  w ithin  th e  range o f movement.
The r e la t iv e  e f f e c t s  o f  isom etric  and iso to n ic  ex erc ise  
remains constant regard less o f  the portion  o f  the range o f  
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18 130 . . 140
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APPENDIX I
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APPENDIX N
IN IT IA L  AND FINAL SPEED OF MOVEMENT SCORES AS MEASURED BY THE
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T o ta l 198.36 208.42
Mean 11.02 11.58
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IN IT IA L  AND FINAL SPEED OF MOVEMENT SCORES AS MEASURED BY THE
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IN IT IA L  AND FINAL SPEED OF MOVEMENT SCORES AS MEASURED BY THE
AUTOMATIC PERFORMANCE ANALYZER FOR GROUP IV
S ub ject I n i t i a l  Score F in a l  Score
1 10.14 10.92

















T o ta l
Mean
195.45
1 0 .8 6
201.49 
... 11.19
Scores a re  measured in  f e e t  p e r second
101
APPENDIX R
IN IT IA L  AND FIN A L SPEED OF MOVEMENT SCORES A S MEASURED BY THE
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17 10.92 1 0 .9 2
18 10.14 10_._92 .
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Mean 10.85 .1 1 ^ 1
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APPENDIX S
IN IT IA L  AND FINAL SPEED OF MOVEMENT SCORNS AS MEASURED BY THE
AUTOMATIC PERFORMANCE ANALYZER FOR GROUP V I


















CO 10.14  . . . . ... 10.14
T o ta l
Mean
190.69
_ ___ . 10.59
201.44
11.19
Scores a re  measured in  f e e t  p e r second
APPENDIX T
IN IT IA L  AND FINAL SCORES FOR REACTION TIME AS MEASURED AT THE BOTTOM
PO SITIO N  BY THE AUTOMATIC PERFORMANCE ANALYZER FOR GROUP I



















T o ta l 3 .04 2.73
Kean •17______
S c o r e s  a r e  i . i e a s u r e d  i n  1 / lO O t h  o f  a  s e c o n d
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APPENDIX U
IN IT IA L  AND FINAL SCORES FOR REACTION TIME AS MEASURED AT THE BOTTOM
PO SITIO N BY THE AUTOMATIC PERFORMANCE ANALYZER FOR GROUP I I


















18 .16 ' ,1 5
T o ta l 2.95 2.70
Mean .16 -  .. . - 4 5 . - , .
S c o r e s  a r e  m e a s u r e d  i n  l / l O O t h  o f  a  s e c o n d
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APPENDIX V
IN IT IA L  AND PIN A L SCORES FOR REACTION TIME AS MEASURED AT THE BOTTOM
PO SITIO N  BY THE AUTOMATIC PERFORMANCE ANALYZER FOR GROUP I I I



















T o ta l 2 .97 2 .6?
Mean .17 .15
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APPENDIX W
IN IT IA L  AND FIN A L SCORES FOR REACTION TIME AS MEASURED AT THE BOTTOM
PO SITIO N  BY THE AUTOMATIC PERFORMANCE ANALYZER FOR GROUP IV




















T o ta l 3 .0 0 2.74
Mean . . 4 7 — „  .................4 1 —
1 0 7
APPENDIX X
IN IT IA L  AND FINAL SCORES FOR REACTION TIKE AS MEASURED AT THE BOTTOM
PO SIT IO N  BY THE AUTOMATIC PERFORMANCE ANALYZER FOR GROUP V


















18 . .. .15 . . .15
T o ta l 2 .99 2.71
Kean
... ................................................................................................. ..... ^ 1 7 ___________________  . . .15
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APPENDIX Y
IN IT IA L  AND FIN A L SCORES FOR REACTION TIME AS MEASURED AT THE BOTTOM
POSITION BY THE AUTOMATIC PERFORMANCE ANALYZER FOR GROUP VI
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APPENDIX Z
IN IT IA L  AND FIN A L SCORES TOR REACTION TIKE AS MEASURED AT THE MIDDLE
PO SIT IO N  BY THE AUTOMATIC PERFORMANCE ANALYZER FOR GROUP I



















T o ta l 3 .03 2.76
Mean .17 .15
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APPENDIX AA
IN IT IA L  AND FINAL SCORES FOR REACTION TIME AS MEASURED AT THE MIDDLE
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Mean . - - - . 1 7 ,15
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APPENDIX BB
IN IT IA L  AND FIN A L SCORES FOR REACTION TIME AS MEASURED AT THE MIDDLE
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Mean .16 .............. -15
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APPENDIX CC
IN IT IA L  AND FINAL SCORES FOR REACTION TIME AS MEASURED AT THE MIDDLE
POSITION BY THE AUTOMATIC PERFORMANCE ANALYZER FOR GROUP IV
S u b jec t I n i t i a l  Score F in a l Score
1 .21 .18

















T o ta l 3 .0 5 2.79
Mean
,1 7 .16Scores a re measured in  l/lO G th  o f a second
APPENDIX DD 
INITIAL AND FINAL SCORES FOR REACTION TIME 
POSITION BY THE AUTOMATIC PERFORMANCE
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AS MEASURED AT THE MIDDLE 
ANALYZER FOR GROUP V



















T o ta l 2 .98 2.72
Mean _ .17 _____  „
S c o r e s  a r e  m e a s u r e d  i n  l / l O O t h  o f  a  s e c o n d
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IN IT IA L  AND FIN A L SCORES FOR REACTION TIKE AS MEASURED AT THE MIDDLE
POSITION BY THE AUTOMATIC PERFORMANCE ANALYZER FOR GROUP VI



















T o ta l 3 .04 2 .74
Mean
- ........................................................................ *17 .15
S c o r e s  a r e  m e a s u r e d  i n  l / l C O t h  o f  a  s e c o n d
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APPENDIX FF
IN IT IA L  AND FIN A L SCORES FOR REACTION TIME AS MEASURED AT THE TOP
PO SITIO N BY THE AUTOMATIC PERFORMANCE ANALYZER FOR GROUP I
















16 • 19 .17
17 .16 .15
18 .18 .16
T o ta l 3 .0 6 2.77
Mean
-  -17. .  , .. .........................................tU L
S c o r e s  a r e  m e a s u r e d  i n  1/ l G O t h  o f  a  s e c o n d
1 1 6
APPENDIX GG
IN IT IA L  AND FIN A L SCORES FOR REACTION TIME AS MEASURED AT THE TOP
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T o ta l 3 .01 2.75
Mean .17
i—I *
S c o r e s  a r e  m e a s u r e d , i n  l / l O Q t h  o f  a  s e c o n d
1 1 7
APPENDIX HH
IN IT IA L  AND FIN A L SCORES FOR REACTION TIK E AS MEASURED AT THE TOP
PO SIT IO N  BY THE AUTOMATIC PERFORMANCE ANALYZER FOR GROUP I I I
















16 • 15 .15
17 .16 .15
18 .16 .16
T o ta l 3 .05 2 .76
Mean _______________________  0 7 .........  .  -  . 0 5
S c o r e s  a r e  m e a s u r e d  i n  l / 1 0 0 t h  o f  a  s e c o n d
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APPENDIX I I
IN IT IA L  AND FIN A L SCORES FOR REACTION TIME AS MEASURED AT THE TOP
PO SIT IO N  BY THE AUTOMATIC PERFORMANCE ANALYZER FOR GROUP IV



















T o ta l 3 .13 2.86
Mean - .................................... 47 , .. .16
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APPENDIX JJ
INITIAL AND FINAL SCORES FOR REACTION TIME AS MEASURED AT THE TOP
POSITION BY THE AUTOMATIC PERFORMANCE ANALYZER FOR GROUP V





















* . - .......... .15
Total 3.uO 2.73
Mean .17 ___________________  - -15
Scores are measured in  1/lOOth o f a second
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APPENDIX KK
INITIAL AND FINAL SCORES FOR REACTION TIME AS MEASURED AT THE TOP
POSITION BY THE AUTOMATIC PERFORMANCE ANALYZER FOR GROUP VI



















T o ta l 3 .13 2 .82
Mean . .  .17 .16
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APPENDIX LL
INITIAL AND FINAL iflDURANCE SCORES AS MEASURED
BY REPETITIONS FOR GROUP I
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APPENDIX MM
INITIAL AND FINAL ENDURANCE SCORES AS MEASURED
BY REPETITIONS FOR GROUP I I



















T otal 432 482
Kean 24.00 26.78
Scores are measured in number o f  r e p e t it io n s  in  the supine press
1 2 3
APPLNDIX NN
IN IT IA L  AND FINAL ^D U R A N C E SCO RLE AS MEASURED
BY R EPETITIO N S FOR GROUP I I I



















T o ta l 436 508
Mean 24.22 28.22
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APPENDIX 0 0  ■
IN IT IA L  AND FIN A L OIDURANCE SCORES AS MEASURED
BY R EPETITIO NS FOR GROUP IV


















18 .. 31 35
T o ta l 433 510
Mean 24.06 , 28,33





















IN IT IA L  AND FINAL ENDURANCE SCORES AS MEASURED
BY REPETITION FOR GROUP V




















_2$ .t Q 0 ______ 29.78
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APPENDIX Qvi
INITIAL AND FINAL ENDURANCE SCORES AS MEASURED
BY REPETITIONS FOR GROUP VI



















T o ta l 412 495
Mean 22.89 27.50
Scores are measured in number of repetitions in the supine press
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